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ABSTRACT
The monomeric, monothio-derivatives of ethyl acetoacetate, 
acetylacetone, hexafluoroacetylacetone, and thenoyltrifluoroacetone 
have been prepared and characterized by their infrared and nuclear 
magnetic resonance spectra,. The preparations wore effected by 
reaction of the parent compounds with hydrogen sulfide in acidified 
ethanol. The sulfur was found to replace the carbonyl oxygen atom 
adjacent to the more electron releasing group, giving rise to the 
following order of preferred sites of attack: CH^ > > OCH^ > CF^
The thioketones were found to exist exclusively as the thioenol 
tautomer at room temperature. These compounds were found to form 
solvent free chelates with Ni(II), Cu(II), Pd(ll), Zn(II), Cd(II), 
Co(II), Pb(II) and Hg(II). No chelates of Al(III) and Fe(I.II) 
were isolated. These complexes were all characterized by their 
infrared and electronic spectra, and the nuclear magnetic resonance 
spectra of the diamagnetic nickel chelates were recorded. The thermal 
stability of these compounds was found through the use of DTA and 
TGA. Most of the chelates can be sublimed in a vacuum and are 
quite soluble in non-polar solvents such as carbon tetrachloride. 
Neither the ligands nor the chelates were found to be as stable 
as their 3”diketone analogs.
Active methylene syntheses of several alkylated p-diketones,
under a variety of alkylating conditions, were effected. The
following compounds were prepared and characterized by their nuclear
magnetic resonance and infrared spectra: 3-methyl-2,4-pentanedione,
vii
3-hexyl-2,4-pcntanedione, 3-(5-bromopentyl)-2,4-pentanedione,
3-acetyl~2,8-nonanedione and 3-hexyl-l,1,1,5,5,5-hexafluoro-2,4- 
pentanedione. The chelating characteristics of the alkylated 
dilcetones were surveyed, with some selectivity toward Cu(II) being 
found. A possible explanation of the selectivity of these ligands for 
the copper ion is given. Some of the chelons form products with Co(II) 
and Ni(IX) but only in poor yields. The ligands produce a characteristic 
purple color with Fe(III) but the complex is not neutral and could 
not be isolated. The neutral chelates are volatile and were 
characterized by their infrared and electronic spectra. Their 
thermal stability was determined by DTA and TGA. The cobalt and 
nickel chelates were found to exist as dihydrates. The chelates - 
of Co(II) and Ni(II) were found to have approximately the same 
solubility as their diketonate analogs, but the copper chelates 
are far more soluble in non-polar solvents than the acetylacetonate.
The copper chelate of a new tridentate ligand, 
3-(5-aminopentyl)-2,4-pentanedione, was prepared and characterized 
by its infrared spectra. Attempts at the isolation of the ligand 
by acid hydrolyses of this copper chelate failed.
Suggestions for some future work are made.
viii
I. INTRODUCTION
1. The Analytical Significance of the B-Diketones
Procedures for the separation of the metallic elements 
have become increasingly dependent upon the use of organic reagents 
which are capable of forming complexes with the metal ions. Of 
particular importance are those reagents which form neutral metal 
chelates. Acetylacetone was one of the first reagents employed 
for these separations. This complexon is of particular significance 
because most of the metals will chelate with it to produce neutral 
products which are readily soluble in organic solvents. Many of 
the chelates of this reagent can be easily sublimed under a vacuum,
and some can be distilled.
In an effort to enhance these characteristic properties, 
many derivitives of acetylacetone have been investigated. In all 
these studies, the methyl groups adjacent to the two carbonyls of 
the {3-diketone segment of acetylacetone were replaced by branched 
alkyls, long chain alkyls, aryl groups,fluorinated groups, and so 
on. Up to this time, these were the only variations examined, 
and in several cases, a significant enhancement of the desirable 
properties was achieved. The {3~diketones which have prpved to be 
of some anlytical significance are shown in Figure 1 and have been 
reviewed by several authors^
The p-diketones react with metal ions through their enol
tautomers(Figure 1). The metal ion displaces the enol proton, and
2
Figure 1







{3-Diketone Abbreviation h. ' 1 i to
Acetylacetone AA CH, CH-
(pentane-2,4-dione) •J
Trifluoroacetylacetone FoAA CF3 CH„(1,1,1-Trifluoropentane- J J J
2,4-dione)
Hexafluoroacety1-acetone F AA CF„ CF-
(1,1,1,5,5,5-Hexafluoropentane- w J
2,4-dione)
Thenoyltrifluoroacetone TTA C4H3S CF3a ,1,1-Trifluoro-4-(2-thienyl) •t J
butane-2,4-dione)
Dipivaloylmethane DPM (ch3)3c (ch3)3c
(2,2,6,6-Tetramethylheptane-
3,5-dione)
Benzoylacetone BZA C6H5 CH3(1-phenylbutane-l,3-dione) v J
Dibenzoylmethane DBM C6H5 C6H5(1,3-diphenylpropane-l,3-dione)
usually forms a neutral chelate. This reaction is non-specific 
with respect to the metal ion. When the coordination number of 
the central metal ion is more than twice its ionic charge, two 
possible types of chelates can result. First, the excess coordination 
sites can be occupied by the solvent. Since the solvent is a 
neutral species, uncharged chelates result, however they are often 
polymeric. The second possibility is that charged species, either 
simple anions or a radical, can occupy the excess sites, resulting 
in anionic complexes. Cationic chelates are known but are 
comparatively rare.
Although the control of the pH of the reaction media is 
helpful, the lack of selectivity with respect to chelation 
represents a serious hindrance to the full use of the analytical 
potential of the {3-diketones. A second disadvantage arises from 
the formation of either charge chelates or solvated neutral 
chelates. These products have been found to be far less volatile, 
and less soluble in non-polar solvents. If both these difficulties 
could be surmounted, and if the favorable characteristics of the 
{3-diketones could be maintained, a series of very interesting 
compounds would result.
Since the replacement of the methyl groups of acetyl 
acetone did not lead to any improvement of selectivity, and since 
these derivitives form mostly the same kinds of chelates as does 
acetylacetone, a more direct approach seemed necessary, in which 
the stereochemistry of the chelate ring system and its electronic
4
environment are both more directly affected. There are two 
possible methods in which this selectivity could be achieved.
First, by the introduction of sulfur into the chelate ring 
through substitution for one or more carbonyl-oxygen atoms; 
second, the introduction of steric hindcrance by means of a bulky 
alkyl group substituted for one of the hydrogens of the methylene 
(y) carbon0
The problem associated with the formation of hydrated 
neutral chelates still remains. One possible way to alleviate 
this situation would be to place a third coordinating group at 
or near the terminus of a suitably long alkyl group attached 
at either the 1 or 3 carbon atom position of pentane-2,4-dione.
Since the methylene complex would also be a very symmetrical one, 
which could have an added benefit of increased volatility, this 
route was selected.
This dissertation is concerned with these areas of work, 
each aimed at the enhancement of the volatility and solubility 
characteristics of the (3-diketones:
First, the synthesis of thioderivitives of the (3-diketones
and the preparation and properties of their chelates.
Second, the synthesis of alkylated drivitives of the
p-diketones and the investigation of their chelates.
Third, the synthesis of an alkylated p-diketone which
would contain a third coordinating group, and the synthesis and
properties of its chelates.
2„ Thio-Dcrivatives of the B-Diketones
Thio-derivatives of the p-diketones were first prepared 
25by Fromm and Zierch in 1906. By passing hydrogen sulfide through 
acidic ethanolic solutions of the diketones at very low temperatures, 
dithioacetylacetone ans dithio-3-methyl-2,4-pentanedione were prepared 
as dimers. These products were reported to be quite stable, both 
chemically and thermally, melting at 161°C and 227°C, respectively.
Later, this work was extended by Fredga and Brandstrom to include the 
nine compounds listed in Table I. Brandstrom ilucidated the structure 
of the dimers by studying oxidation products. An adamantanoid structure, 
as shown for dimeric-dithioacetylacetone in Figure 2, was assigned
28to these compounds. A dimeric-monothio derivative was also reported .
No attempt at chelation with metals was reported by any of these 
workers.
Mirta reported the preparation of monomeric-monothioaceto- 
29acetic ester . This synthesis employs a method similar to both
those of Fromm and of Brandstrom, but the concentration of the
keto ester was held low to avoid dimer formation. The product was
isolated by displacement of the lead from the salt (complex) by
hydrogen sulfide and was demonstrated to exist solely as an
unsaturated mercapto ester (thio-enol form). No evidence of a
thio-keto form could be found.
Mayer and co-workers reported a base-catalyzed synthesis
30of monomeric-monothioacetylacetone , although no data were given 
to substantiate their claim, except that a 2,4-dinitrophenylhydrazone
6
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was reported. The synthesis involved saturating a dimethylformamide
solution of acetylacetone containing a little morpholine, with
hydrogen sulfide. No chelates were reported.
In a brief note, Chaston and Livingstone reported the
preparation of two monomeric thio-g-diketones along with their 
31nickel chelates . Dibenzoylmethane and benzoylacetone in ethanol
were treated at -10°C, first with hydrogen chloride gas and then
hydrogen sulfide. The crude thioderivatives of the diketones
precipitated when the reaction mixture was stirred with ice. The
nickel chelates were precipitated from hot ethanolic solutions of
anhydrous nickel acetate, and were formed as solvent free, diamagnetic,
red-brown needles. Independently, and following the procedure of
Mayer, Uhleman and co-workers also prepared and reported chelates of
32 33thiodibenzoylmethane ’ . Between 1965 and 1967, Livingstone and
34-39co-workers published the preparation of several more thio-<3-
diketones and their nickel chelates. The monomeric monothio- 
derivatives were prepared from the following diketones: benzoylacetone,
dibenzoylmethane, thenoyltrifluoroacetone, trifluoroacetylacetone, 
and dipivaloylemthane. Properties and infrared spectra were reported 
for the thioketones as well as their nickel chelates. The various 
ligands and their chelates, which have been reported, are listed in 
Tables II and III, respectively.
39The stability data, reported by Chaston and Livingstone ,
indicate that the thio-p-diketones are of an order of 2 to 2.7
log K ,. .... units lower than their B-diketone precursors.° dissociation • r
TABLE II
MONOMERIC-MONOTHIO- (3-DIKETONES
Compound (Trivialname/IUPAC name) Abbreviation Color MP-BP Ref.
Thioacetylacetone
(4-Mercaptopent-3-en-2-one)
SAA Rose-oil 50-55/l0mm 30,34
Thiodibenzoylmethane
(3-Mercapto-l,3-diphenylprop-2-en-l-one)
SDBM Red-needles 78 32,33,34
Thiobenzoylacetone
(3-Mercapto-l-phenylbut-2-en-I-one)




STTA Red-needles 74 34,35
Thiodipivaloylmethane
(2,2,6,6-Tetramethyl-5-mercaptohept-4-en-3-one
SDPM Red-oil 50- 60/0o 8mm 34
Thio-3-methyIacetyIacetone
(3-MethyL-4-mercaptopent-3-en-3-one)
SMAA Red-oil decomposes 36
Thio-methyldibenzoylmethane
(2-Methyl-3-mercapto-1,3,d iphenylprop-2-en-I-one













Zn(SDBM) 2 175 32









Their Kstat,£]̂ ty data indicaLe that the chelates are, as a group, 
less stable than their (3-diketone analogues. The nickel chelates 
were found to be the most stable chelates of the thio-(3-diketones; 
in contrast to the metal diketonates among which, copper forms the 
most stable chelates.
Paramagnetic adducts of the nickel chelates with 
nitrogeneous bases, such as pyridine, -Y-picoline and 1,10 phenanthrolene, 
have been characterized. There has been no report of the formation 
of similar adducts with any of the other metal thio-(3-dilcetone 
chelates.
Although a good amount of work has been published on the
metal products of the mono thio-(3-diketones, only one report has
been published on attempted formation of chelates with dithio-(3-
diketones. Martin and Stewart recently reported the synthesis of
several metal chelates of dithio-acetylacetone,although the ligand
41itself was not isolated . By adding the appropriate metal ion to 
the reaction mixture, before any attempt to isolate the ligand, 
the nickel(II), palladium(II), platinium(TI) and cobalt(II) chelates 
were formed. All efforts to isolate the free ligand met with 
failure.
3. The Methylene Substituted 8-Piketones
Two types of methylene substituted (3-diketones have been 
reported in the literature. The first includes those in which 
the substituent group is either an alkyl or aryl; the second type
12
includes all those compounds in which the substituent is a functional
group such as Br, NC^, etc. (Figure 3)„ The compounds of Type II
13 14have been reviewed by Collman and will not be discussed here ’ .
Many diketones of type I. have been prepared and are listed in
Table IV, but few chelates of these ligands have been prepared,
and no systematic investigation of these compounds has been reported.
The alkylated p-diketones have been synthesized by either a Claisen
condensation or by the alkylation of the active methylene group of
the parent p-diketone^’̂
Some significant differences in the properties of the
alkyl derivatives have been noted which depend upon whether the
alkyl group is branched or straight-chain. For example, acetylacetone
and other unsubstituted p-diketones give a typical red color with the
ferric chloride enol test, but n-alkyl derivatives produce a purple
color with this reagent, and the iso alkyl, sec-alkyl and tert-alkvl
derivatives show no color change. The n-alkyls have been found to
form gray-green complexes with copper rather than the blue chelates
which characterize the unsubstituted precursers. The iso-.sec- and
tert- alkyls do not form chelates with copper.
The infrared spectra of a few alkylated p-diketones were
52 53reported by Holtzclaw and co-workers ’ . The electronic spectra
of the alkylated p-diketones and their copper chelates have been 
investigated by Graddon'^"'^. These absorption spectra were found 
to be very similar to acetylacetonate, but the molar absorptivity 




0  0I I
R—  C —  C —  C — R
r 3
R =AlkylAryl-
T Y P E  H
0  0I I




METHYLENE SUBSTITUTED {3-DIKETONES TYPE I
Substituent Groups BP(°C/mm Hg) Cu Chelate Color with Ref.
(See Figure 3) (MP°C) FeC^
R]_____R2_____ R^ _______________________________________________________________
ch3 CH3 CH3 118/21 dec.200 purple 48,57
CH3 CH3 c2h5 135/6 190 purple 48,57
CH3 CH3 n-C3H7 64/5 215 purple 42,48
CH3 CH3 iso-C^ 182/745 not formed no change 42
C1I3 CH3 n-C4H9 200/760 186 purple 42,57
ch3 ch3 iso-C,Hn 4 9 94/10 158 purple 45
CH3 ch3 sec-C.Hf. 4 9 110/13 not formed no change 46
CH3 ch3 n-C5Hll 82/13 177 purple 51
CH3 ch3 sec-C5H11 120/15 not formed no change 46
CH3 CH3 "-C6H13 101/12 -- --- 48
CH3 CH3 n-C7H15 110/15 160 purple 57
CH3 CH3 n'C8H17 126/12 --
-- 48
TABLE IV (Continued)
Substituent Groups BP(°C/mm Hg) Cu Chelate Color with Ref„
(See Figure 3) (MP°C) FeC^
CK3 ch3 n"C16H33 ——— •“ “ ™ purple 57
CH3: CH3 och3 -- -- -- 8
ch3 ch3 C6H5 -- -- -- 8
CH3 CH3 C6H5“CV -- 200 purple 57
ch3 ch3 p-N°2-C6H5 -- -- -- 60
ch3 ch3 (ch3)2 -- -- 1— 61
ch3 c2h5 ch3 85/9 177 purple 43
CH3 C2H5 C2H5 192/755 167 purple 42
CH3 C2H5 iso“C3H7 195/750 not formed no change 44
ch3 C2H5 n-C4H9 200/760 156 purple 42
CH3 c2h5 C6H5 64(mp) -- purple 42
CH3 C2H5 C6H5“CH2- 185/20 182 purple 44
ch3 n-C3H7 ch3 -- -- 62
ch3 n - C ^ C2H5 101/9 166 purple 43










CH3 n-C3H7 n-C4H9 -- -- -- 62
ch3 C6H5 ch3 -- -- purple 49
ch3 C6H5 C2H5 -- -- purple 49
CH3 C6H5 n-C3H7 -- -- purple 49
ch3 C6H5 iso-C^ -- -- purple 49
C2H5 C2H5 c2h5 105/13 178 purple 62
C2H5 ch3 iso-C^ 182/745 not formed no change 43
C2H5 C6H5 CH3 90/1 189 purple 42
C2H5 C6H5-CH2- C6H5-°- -- -- -- 49
C2H5 C6H5 ch3-o- -- -- 63
C6H5 C6H5 CH3 --
-- -- 63
C6H5 C6H5 ch3-o- -- -- -- 36,54
C6H5 C6H5 C6H5 -- -- -- 63
absorptivity could be explained on the bases of stereochemical 
54considerations . Acid dissociation constants for some of the
55 56alkylated g-diketones have been measured ’ . An interesting
trend in dissociation constant values was noted by Martin and 
co-workers and is shown in the following series: 3-methyl-2,4-
pentanedione > 3-alkyl-2,4-pentanedione > 3-butyl-2,4-pentanedione. 
However, little regularity was noted for the £ty among
the chelates. With the ligands investigated, only copper, 
beryllium, and uranyl-ion were observed to form neutral chelates. 
Other metal ions apparently reacted but did not form neutral 
complexes.
Graddon described adducts of some copper chelates of
57alkylated diketones with nitrogeneous bases . Although these 
adducts were found to be less stable than those of copper 
acetylacetonate, the general behavior of the addends was found to 
be the same. The adducts were of 1:1 composition, stable only in 
the presence of excess base. With the introduction of a methyl 
group the reactivity of the chelate is lowered compared to 
acetylacetone, but further lengthening of the chain shows little 
effect. Graddon's observations also indicate that the introduction 
of an alkyl group produces a higher ligand field than found for 
acetylacetone. Again, lengthening of the chain shows little further 
effect. Square planar chelates of copper were postulated, while the 
adducts were assigned a pyrimidal structure.
Moiserva reported that beryllium can be precipitated
quantitatively from an EDTA solution of pH 8.5-9 by addition of
3-propyl-2,4-pcntanedione. Results were reported to agree with




The reagent, supplied by Matheson, Coleman and Bell and 
by Fisher Scientific Co., was used following a single distillation 
(b.p. 140-142°C).
Thenoyltrifluoroacetone
Supplied by Columbia Organic Chemicals Co. and by Aldrich 
Chemical Co. this compound was used without further purifications.
Hexafluoroacetylacetone




1-methyl-l-cycloheptanol and 1-methyl-l-cyclooctanol were supplied 
by K and K Chemical and were used without further purification.
Solvents
All solvents employed for these studies were supplied by 
Fisher Scientific Co. and Matheson, Coleman and Bell. Those used for 
the active methylene condensation syntheses were dried and redistilled 
prior to use.
All other reagents came from the regular laboratory 
suppliers and were of Analytical Reagent Grade where possible. They 
were used without further purification. The organic solvents and
19
20
aforementioned reagents were checked by infrared and nuclear magnetic 
resonance spectroscopy for the presence of any interfering contaminants,,
2. Apparatus and Measurements
Nuclear Magnetic Resonance Spectroscopy
All of the spectra illustrated on the following pages were 
recorded on either the Varian HA-60 or A-60A spectrometer. Unless 
otherwise stated, solutions of 10% by volume (approximate) in carbon 
tetrachloride were employed. All the chemical shifts are given in 
tau. The multiplicity abbreviations used in the following pages 
are: S, singlet; T, triplet; D, doublet; Q, quartet; M, unassignable
inultiplet. The coupling constants (J) are given in units of cycles 
per second (cps). The spectra are collectively listed in Appendix I, 
page 114.
Infrared Spectroscopy
The infrared spectra shown were recorded with either the 
Beckman IR-5 (linear wavelength) or the Beckman IR-10 (linear wave 
number) spectrophotometer. Samples were prepared as solutions 
in carbon tetrachloride, nujol mulls and/or potassium bromide pellets. 
The spectra were recorded for the 4000 to 300 cm  ̂region, except 
when the IR-5 was employed. Exceptions are noted. Assignments of 
the characteristic bands and the spectra are given in Appendix II, 
page 116.
Ultraviolet and Visible Spectra
The ultraviolet and visible spectra were recorded with a 
Beckman DB spectrophotometer equipped with a Sargent model SRL
21
recorder,, The wavelength scanning speed was 10 mp, per minute, 
recorded at 1 in. per minute. In all cases, the solvent was 95 
percent ethanol. The cells were quartz, 0.998 cm cell path. The 
data are tabulated in Table V.
Fractional Sublimation Determinations
The apparatus and procedures described by Berg and 
3 4Hartlage 5 were employed in these studies. The conditions, 
recrystallization zone temperatures, and recovery calculations 
are given in Table VI.
Melting Point Measurements
Melting points were determined with a Fisher Johns 
Melting Point Apparatus. By advancing the powerstat 10 scale units 
every 5 min, a 10°C per minute heating rate was established. At 
10°C prior to the anticipated melting point,the heating rate was 
reduced to 1°C per min.
Thermo-Analytical Measurements
The degree of hydration of the chelates was determined 
through the use of thermogravimetric analysis. A DuPont model 
900 Thermalanalyzer was employed for these studies. A heating 
rate of 10°C per min and sample weights of 1-10 mg were used. The 
decomposition temperatures of the compounds which did not show 
fusion were measured by differential thermal analysis. For these 
determinations, either the DuPont instrument or a converted Fisher 
Johns Melting Point Apparatus were used.
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TABLE V
ULTRAVIOLET AND VISIBLE SPECTRAL MEASUREMENTS
I. The Thio-j3-Diketones
























Wavelength Molar Wavelength Molar
Absorptivity Absorptivity
MeAA 287 3,150 -- —
HexAA 290 3,940 -- —
HexFgAA 312 2,400 -- --
3AcN 272 2,790 -- --
Cu(MeAA)2 308 27,100 636 41
Co(MeAA)2»2H20 284 11,300 496 18
Ni(MeAA)2»2H20 294 18,300 sh400,680 —  ,20
Cu(HexAA)2 308 21,700 635 42
Co(HexAA)2.2H20 298 12,600 500 21
Ni(HexAA)2.2H20 302 10,500 393,672 1320,16
Cu(HexF,AA)_ o Z 304 27,200 720 52
Co(HexF6AA)2.2II20 304 24,700 500 22
Ni(HexF6AA)2.2H20 306 32,200 sh395,700 —  ,18
Cu(3AcN)2 270 24,500 638 40
Cu(BrPAA)2 308 21,500 642 42


















Ni(SEAA)2 165 1.0 86 - 64 85
Ni(SAA)2 155 1.0 110 - 82 • 70
Cu(SAA)2 160 0.9 103 - 80 68
Co(SAA)2 161 1.0 86 - 75 dec.
Pd(SAA)2 157 0.9 90 - 80 53
Cd(SAA)2 160 0.7 115 -107 dec.
Zn(SAA)2 160 1.0 not volatile
Pb(SAA)2 162 1.1 not volatile
Hg(SAA)2 150 1.0 decomposed
Ni(SF6AA)2 125 1.0 35 - 20 98
cu(sf6aa)2 132 0.9 decomposed
co(sf6aa)2 127 1.0 diffuse zone microcrystal
Pd(SF6AA)2 127 1.0 diffuse zone microcrystal
Cd(SF6AA)2 125 1.0 decomposed
Ni(STTA)2 185 1.3 148 - 95 70
Cu(STTA)2 195 1.1 150 -127 60
Pd(STTA)2 169 1.2 139 -113 28
Co(STTA)2 146 1.3 109 -100 10
Zn(STTA)2 150 1.3 119 -111 15
Cd(STTA)2 165 1.1 131 -121 30
Pb(STTA)2 150 1.3 120 -110 5
Cu(MeAA)2 179 1.0 113 - 82 100
Ni(MeAA)2»2H20 182 1.0 143 -115 45
Co(MeAA)2* 2H20 179 1.1 107 - 50 100
Cu(HexAA)2 155 1.0 133 -110 100
Ni(HexAA)2-2H20 198 1.0 149 -115 90
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TABLE VI (Continued)
Chelate Max.T°C Pressure Crystal Zone Recovery
(l'p (mmHg) Temperature (%)
Co(HexAA)2o2H20 197 1.2 not volatile
Cu(HexFgAA)2 178 1.2 47 - 35(distilled) 97
Co(IIexF6AA)2»2H20 176 0.9 150 -125 97
Ni(HexF6AA)2o2H20 198 0.9 172 -143 96
Cu(AcN)2 164 0.8 142 -120 100
Cu(BrPAA)2 220 1.0 190 -170 88
cu(nh2paa>2 170 1.0 decomposed
Carbon-Hydrogen Analyses
Carbon-hydrogen analyses were provided by Mr. Ralph Scab, 
Coates Chemical Laboratories, and by Galbrath Laboratories, Knoxville, 
Tennessee.
3. Synthesis of the Thio-8-diketones 
Dimeric-Dithioacetylacetone
This compound was prepared according to the method of 
27Fredga and Brandstrom . Recrystallized from 60% ethanol, it 
melted at 160-162°C (Lit. m.p. 161°) and was used without further 
purification.
Dimeric-Thioacetylacetone
Dimeric-thioacetylacetone was prepared according to 
28Brandstrom . The product, a mixture of isomers, melted at 
136-136.5°C (Lit. 138°C) and was used without further purification. 
Ethyl Thioacetoacetate
Ethyl thioacetoacetate was prepared according to the 
29method described by Mirta and was isolated as a rose-colored oil, 
which distilled at 75-80°C at 9mm Hg pressure. The reagent was used 
with no further purification. (N.M.R. Spectrum No.5).
Monomeric-Thioacetylacetone
Monomeric-thioacetylacetone was prepared according to the 
30procedure of Mayer and an orange oil .was obtained which distilled at 
55-60°C at 12mm Hg pressure. The 2,4-dinitrophenylhydrazone was 
prepared as by Mayer, and this product melted at 167-168°C with
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accompanying decomposition (Lit. 167°C). (N.M.R. Spectrum No. 6,
I.R. Spectrum No.2).
Analysis: Calculated for C^HgOS; C, 51.5%; H, 6,9%.
Found: C, 51.7%; H, 5.9%.
Thioacetylacetone was also prepared by a modification of 
the procedure employed for ethyl thioacetoacetate. Acetylacetone 
(10 g, 0.1 mole) was dissolved in 400 m^ of absolute ethanol and 
cooled to -10°C. This solution was saturated with hydrogen sulfide 
gas by bubbling the gas through the solution, which was constantly 
agitated by a wrist-action shaker. After 30 min, the flow of gas 
was discontinued, and dry hydrogen chloride gas was introduced at a 
brisk rate for 10 min. The mixture was continuously shaken as it 
was allowed to come to room temperature (about 30 min following 
removal of the ice bath). The resulting red-orange solution was 
poured over a slurry of 500 mI ice and water. After the ice had 
all melted, the cold mixture was extracted five times with 25 mi, 
portions of carbon tetrachloride. The extracts were combined, washed 
once with water and then dried over anhydrous sodium sulfate.
After the removal of the solvent, the resulting oil was distilled, 
and the fraction collected at 58-63°C and 10 mm Hg pressure was 
retained. The 2,4-dinitrophenylhydrazone was prepared, and melted 
at 167-169°C. The yield of thioketone was 6.7 g.
Analysis: Calculated for C^HgOS; C, 51.5%; H, 6.9%.
Found: C, 51.9%; H, 6.5%.
Monomeric-Thiohexafluoroacetylacetone
Hexafluoroacetylacetone (20.5 g, 0.1 mole) was dissolved
in 400 of absolute ethanol and cooled to -10°C. With constant 
shaking, hydrogen sulfide was briskly bubbled through the mixture 
for one hour. Then hydrogen chloride was added for 30 min followed 
by hydrogen sulfide again for 30 min. At this point, the solution 
had changed from colorless to slightly yellow. The solution was 
placed in a tightly sealed flask and allowed to warm to room temperature 
by standing overnight. The orange solution which resulted was then 
poured over 500 mf, of a slurry of crushed ice and water. The aqueous 
mixture was extracted five times with carbon tetrachloride, and the 
combined extract was dried over sodium sulfate. The mixture was 
dissolved in carbon tetrachloride and chromatographed on alumina. 
Elution with 100 of carbon tetrachloride followed by evaporation 
of the solvent yielded 10.7 g of an orange oil, presumed to be the 
monothio derivative. The product could not be purified by distillation 
without concurrent decomposition, even at 1 mm pressure. The oil 
showed no contaminants in its nuclear magnetic resonance spectrum, 
although several peaks of low intensity were noted when it was gas 
chromatographed. They were not identified. (N.M.R. Spectrum No.7,
I.R. Spectrum No.9).
Analysis: Calculated for Cj-l̂ OSFg; C, 29.3%; H, 0.98%.
Found: C, 28.7%; H, 1.0%.
Monomeric-Thiothenoyltrifluoroacetone
Thenoyltrifluoroacetone, (11 g, 0.05 mole) was dissolved 
in 200 mj& of absolute ethanol and cooled to -5°C. The solution was 
throughly saturated with dry hydrogen chloride and hydrogen svilfide 
was bubbled at a brisk rate through the mixture for four hours.
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Constant shaking was applied. The resulting dark orange-red solution 
was poured into 500 nt.C of a slurry of crushed ice, and after the ice 
had melted, orange crystals separated. The mixture was then allowed 
to stand an additional hour, filtered, sucked dry, washed with 2 liters 
of cold water, filtered and air dried. Purification was effected by 
sublimation at 45°C and 0.3 mm Hg pressure, with condenser in the 
sublimator operating at 0°C. This method produced brick red crystals 
which melted at 62-64°C. Yield: 6.3 g. (N.M.R. Spectrum No.8,
I.R. Spectrum No. 15)..
Analysis: Calculated for CgH^S^OF^; C, 40.3%; H, 2.1%.
Found: C, 40,3%; H, 2.4%.
4. Syntheses of Some Metal Chelates of the Thio-3-Diketones 
Chelates of Ethyl Thioacetoacetate 
bis-(Ethyl Thioacetoacetato)nickel (II)
Nickel acetate (anhydrous), 5.0 g, was refluxed for two 
hours with 10 g of lead ethyl thioacetoacetate in 50 m4 of dioxane.
The resulting black mixture was filtered while hot, allowed to cool, 
then filtered again to yield dark red-brown needles of the nickel 
chelate. The complex melted at 109-110°C. Yield: 5.1 g. (N.M.R. 
Spectrum No.9-a, I.R. Spectrum No.24).
Nickel acetate (anhydrous), 1.0 g, was dissolved in 20 mi 
of boiling absolute ethanol, and 3.0 mi of ethyl thioacetoacetate 
was added. On cooling, red-brown crystals of the chelate separated. 
These were filtered, washed with water and dried. The product
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melted at 111-111.5°C. A mixture of this product with the nickel 
chelate prepared by the displacement of lead showed no melting 
point depression. Yield: 1.5 g.
Analysis: Calculated for C^^QO^SgNi; C, 38.8%; H, 10.8%.
Found: C, 38.6%; H, 9.7%.
Chelates of Thio-Acetylacetone
The following general procedure was employed for the ■ 
preparation of these complexes: To 10 mjI of a 1M solution of the
metal, as a nitrate, was added 0.5 g of sodium acetate. Then, 5 mA 
of a 10% solution of thioacetylacetone in ethanol was added.
The. resulting mixture was diluted to 50 m4 and allowed to stand 
for 30 min. The precipitates were filtered, washed with water and 
sucked dry. The chelates were purified by recrystallization from 
hot ethanol on the addition of petroleum ether. The recrystallized 
products were washed with cold petroleum-ether and air dried. 
bis-(Ihioacetylacetonato)nickel(II)
This chelate was obtained as red-brown needles which 
melted at 167-168°C. Yield: 0.45 g (I.M.R. Spectrum No. 9b, I.R.
Spectrum No.3).
Analysis: Calculated for Clo^14<̂2S2̂'''’ 4.8%.
Found: C, 41.5%; H, 4.6%.
bis-(Thioacetylacetonato)copper(II)
This compound was obtained as an olive-brown microcrystalline 
material which melted at 112-115°C. Yield: 0.29 g.
Analysis: Calculated for ^^o^14^2^2^U’ 40.7%; H, 4.8%.
Found: C, 41.2%; H, 4.5%.
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bis-(Thioacetylacetonato)cobalt(II)
This chelate was formed as a green-black needle crystalline 
compound which melted at 181-181.5°C. Yield: 0.46 g. (I.R. Spectrum
No.6).
Analysis: Calculated for ^0^8200; C, 41.6%; H, 4.8%.
Found: C, 41.5%; H, 4.2%.
bis- (Thioacetylacetonato)pal1.adium(rQ
Obtained as red plates, this chelate decomposed at 140°C, 
without melting. Yield: 0.51 g. (I.R. Spectrum No.4).
Analysis: Calculated for c^oH14°2S2I>cJ ’ C’ 4.2%.
Found: C, 36.2%; H, 4.6%.
bis-(Thioacetylacetonato)cadmium(II) •
This product was isolated as a yellow microcrystalline 
compound, and it decomposed without melting at 170°C. Yield: 0.37 g.
(I.R. Spectrum No.7).
Analysis: Calculated for C^QH^02S2Cd; C, 35.1%; H, 4.1%.
Found: C, 34.5%; H, 4.0%.
bis-(Thioacetylacetonato)zinc(II)
This chelate was obtained as an orange-yellow solid which 
decomposed at 140°C without melting. Yield: 0.3 g.
Analysis: Calculated for C^gH^02S2Zn; C, 40.5%; H, 4.7%.
Found: C, 41.8%; H, 4.4%.
bis-(Thioacetylacetonato)lead(II)
The lead salt was obtained as a yellow solid which 
decomposed at 152°C without melting. Yield: 0.19 g.
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Analysis: Calculated for C^QlI^02S2Pb; C, 27.5%; H, 3.2?..
Found: C, 26.4%; H, 3.4%.
bis-(Thioacetylacetonato)mercury(II)
The mercury product would not recrystallize without apparent 
decomposition. The precipitate was a pinkish color and decomposed 
at 116°C without melting. The product gave a broad but' still 
assignable infrared spectrum. (I.R. Spectrum No.8).
Analysis: Calculated for Ĉ QlÎ 0̂2S2Hg; C, 27.9%; II, 3.3%.
Found: C, 29.2%; II, 5.3%.
Chelates of Thio hexafluoroacetylacetone 
The following general method of preparation of these 
complexes was employed. To 15 mi of a 1M solution of the metal 
(as nitrate salt), 0.5 g of sodium acetate and 5 mi of a 10% 
ethanolic solution of thiohexafluoroacetylacetone were added. The
mixture was diluted to 50 m.C with water and allowed to stand for 
30 min. The resulting precipitates were filtered, washed with water 
and air dried. Purification was effected by dissolving the precipitate 
in the minimum amount of boiling ethanol, evaporating the solution to 
one-half the original volume, and cooling. 
bis- (Thiohexafluoroacetylacetonato)nickel(II)
This product was obtained as a black microcrystalline 
solid which sublimed at temperatures above 110°C. Yield: 0.27 g.
(N.M.R. Spectrum No.10a, I.R. Spectrum No.10).
Analysis: Calculated for ^^o^2^2^2F12̂ 'i'’ ^3.8%; H, 0.4%.
Found: C, 23.5%; H, 1.0%.
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bis-(Thiohexafluoroacetylacetonato)copper(II)
This chelate crystallized as a red-brown microcrystalline 
material which sublimed before 120°C, but with decomposition., The 
infrared spectrum of the chelate was broad, but assignable,,
Analysis: Calculated for ^^oH2^2S2^12^U’ 23.6%; H, 0.34%.
Found: C, 24.3%j 11, 0.5%.
bis-(Thiohexafluoroacetylacetonato)cobalt(II)
This complex formed as green-black needles which sublimed 
without melting at 124°C. Yield: 0„39 g. (I.R. Spectrum No.12).
Analysis: Calculated for Ĉ ,o**2̂ 2̂ 2F12^°* 23.8%; H, 0.38%.
Found: C, 23.8%; H, 0.4%.
bis-(Thiohexafluoroacetviacetonato)palladium(II)
This compound crystallized as red-black plates which 
sublimed without melting at temperatures above 120°C. Yield: 0.53 g. 
(I.R. SpectrumNo.il).
Analysis: Calculated for CioH2°2J32F12Pd > C, 21.8%; H, 0.36%.
Found: C, 20.9%; H, 0.7%.
bis-(Thiohexafluoroacetylacetonato)cadmium(II)
The cadmium chelate precipitated as a yellow microcrystalline 
solid which was difficult to recrystallize. The infrared spectrum was 
broad but assignable. The chelate decomposed and sublimed at 
100-110°C. Yield: 0.23 g. (I.R. Spectrum No.14).
Analysis: Calculated for C^qH202S2F^2C8 ; C, 21.5%; H, 0,36%.
Found: C, 20.0%; H, 0.2%.
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Zinc, lead and mercury salts apparently decomposed the 
ligando Zinc formed a white precipitate in poor yield, lead turned 
brown and deposited a metal mirror, and mercury formed a green 
precipitate which vaporized on heating but gave a carbon analysis of 
only 5.2%. (Zn; I.R. Spectrum No. 13) .
Chelates of Thio-Thenoyltrifluoroacetone
These chelates were prepared by the following procedure.
To 10 mi of a 0.02M solution of the metal ion, as in acetate, was 
added 10 mA of 0.02M ethanolic solution of thiothenoyltrifluoroacetone. 
The chelate precipitated immediately and was filtered, washed with 
water and sucked dry. The chelates were purified by recrystallization 
from the minimum amount of boiling ethanol.. In the preparation of the 
chelates of palladium and cadmium, metal nitrates, buffered with 
0.5 g of sodium acetate before use, were employed. 
bis-(Thiothenoyltrifluoroacetonato)nickel(II)
This chelate was obtained as red-brown needles which 
melted at 235-237°C. (N.M.R. Spectrum No.10b, I.R.Spectrum No.16).
Analysis: Calculated for C^gHgS^02FgNi; C, 36.0%; H, 1.6%.
Found: C, 35.9%; H, 2.13%. When this chelate was prepared but not
recrystallized, TGA measurements indicated that a dihydrate of the 
chelate had formed. The water was lost on recrystallization. 
bis-(Thiothenoyltrifluoroacetonato)copper(II)
This compound was obtained as olive-brown microcrystals 
which melted at 230°C. (I.R. Spectrum No.18).
Analysis: Calculated for C^gHgS^O^FgCu; C, 35.7%; H, 1.49%.
Found: C, 35.5%; H, 2.0%.
bx5r-CTbmth.eiiQv], tr iflupr.Qa c.e.t o_na to). coba It (II1)
This chelate crystallized in brown-black needles which 
decomposed, at 210°C without melting. (I.R. Spectrum No.19).
Analysis: Calculated for C^HgS^C^FgCo; C, 36.0%; H, 1.56%.
Found: C, 35.9%; H, 2.1%.
bisr-(Thiothenoyltrif luoroaceton.ato)zinc(II)
This complex was obtained as yellow-green crystals which 
melted at 177-178°C0 (I.R. Spectrum No.20).
Analysis: Calculated for C^gHgS^O^FgZn: C, 35.6%; H, 1.5%.
Found: C, 35.8%; H, 1.7%.
bis-(Thiathenoyltrif luoroacetonato) cadmiiim'C.II)
This compound crystallized as yellow prisms, which decomposed 
at 207°C without melting. (I.R. Spectrum No.21).
Analysis: Calculated for C^gHgS^O^FgCd; C, 32.8%; H, 1.4%.
Found: C, 32.8%; H, 1.5%.
bis- (Thiptheno.yltrif luoroacetonato)JLead (II)
~ This lead product precipitated as orange crystals, 
decomposing at 165°C. (I.R. Spectrum No.23).
Analysis: Calculated for C^gHgS^O^FgPb; C, 28.2%; H, 1.2%.
Found: C, 28.4%; H, 2.1%.
bis-(Thiothenoyltrifluoroacetonato)paHadium(II)
This chelate crystallized as red-brown prisms, which did 
not melt, but decomposed above 430°C. (I.R. Spectrum No.17).
Analysis: Calculated for C^gHgS^C^FgPd; C, 33.1%; H, 1.4%.
Found: C, 33.3%; H, 1.9%.
bis-(Thiothenoyltrifluoroacetonato)mercury(II)
This product formed as light yellow prisms, which melted 
at 173°C. The quantity was insufficient for carbon hydrogen analysis. 
The existence of this chelate was verified by its infrared spectrum. 
(I.R. Spectrum No.22).
5. Syntheses of the Methylene-Alkylated 8-Diketones 
3-Methy1-2.4-pentanedione (3-MeAA)
3-Methyl-2,4-pentanedione was prepared by the method,
4-7 odescribed by Johnson . The fraction which distilled at 170-172 C
(ambient atmospheric pressure) was retained. This product was used
without further purification. (N.M.R. SpectrumNo.il, I.R. Spectrum
No. 25).
Analysis: Calculated for C» 62.3%; H, 9.6%.
Found: C, 62.5%; H, 9.6%.
3-Hexy1-2,4-pentanedione
Acetylacetone (10 g, 0.1 mole) was dissolved in 10 m£ of 
dimethylformamide and introduced into a 3-necked flask, previously 
fitted with a mechanical stirrer, condenser and addition funnel.
Dry potassium carbonate, 11 g, was added all at once, and the mixture 
was heated to reflux. With stirring, 18 g hexyl bromide (N.M.R. 
Spectrum No.12) was added dropwise. The system was allowed to reflux 
for 24 hours under a dry nitrogen atmosphere. The resulting mixture 
was poured into 50 ml of water, and the pH was adjusted to 6 with 1 N 
hydrochloric acid. This mixture was extracted five times with 10 ml 
portions of light petroleum ether. The extracts were combined, dried
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with anhydrous sodium sulfate, and the solvent removed under reduced 
pressure. The product was distilled under vacuum, and the portion 
distilling at 105-108°C was collected. This fraction was redistilled 
at 20mm Hg pressure. The fraction boiling at 107-110°C was collected. 
Yield: 9.1 g. (N.M.R. Spectrum No.13, I.R. Spectrum No.28).
Analysis: Calculated for ^ 2̂ 20^2’ C, 71.8%; H, 10.87..
Found: C, 71.47.; H, 10.57..
3-Hexyl-l,1,1,5,5,5-hexafluoro-2,4-pentanodione 
Hexafluoroacetylacetone, 20.8 g (0.10 mole), was added 
dropwise to a solution of 15.8 g potassium carbonate in 25 mf of water. 
The reaction mixture was cooled in an ice bath during the addition, 
since the reaction is quite exothermic. The yellow potassium salt 
precipitated as the diketone was added. The solid was filtered, 
washed with cold acetone, and air cooled.
This solid was then suspended in 25 mJl of dimethylformamide, 
and with stirring, 18 g of hexyl bromide was added dropwise. Following 
the addition of the halide, the mixture was refluxed, with stirring, 
for 24 hours. The mixture was then poured into 50 mjJ of water, and the 
pH was adjusted to 6 with IN hydrochloric acid. The resulting solution 
was extracted five times with 25 m4 portions of diethyl ether, and 
the extracts were combined and dried over sodium sulfate. The ether 
was removed by evaporation at reduced pressure, leaving the product 
as a white solid. This solid was recrystallized from the minimum amount 
of boiling ethanol. The white needles which formed were filtered and 
air dried. They were found to sublime readily at 75°C, without
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melting. Yield: 10.2 g. (N.M.R. Spectrum No.14, I.R. Spectrum No„38).
Analysis: Calculated for C’ 4.3%.
Found: C, 40.7%; H, 4.4%.
6. Chelates of the Methylene-Alkylated S-Diketones 
Chelates of 3-Methyl-2,4-pentanedione
The chelates of methylacetylacetone were prepared by the 
following general procedure. To 5 mA of 1% aqueous solutions of 
each of the metal acetates, 10 mA of ethanol and 10 mA of a 10% 
ethanolic solution of methylacetylacetone were added. After the. 
solution had been allowed to stand for 30 min, 100 mA of water was 
added, precipitating the chelate. The chelates were purified by 
sublimation in a cold-finger apparatus at 0.1 mm Hg and 150°C. The 
condenser of the sublimator was cooled by circulating ice water. 
tris-(3-Methyl-2,4-pentanedionato)iron(III)?
The attempted synthesis of a neutral chelate of iron(III) 
resulted in the preparation of a purple colored aqueous solution from 
which no neutral iron product could be isolated. 
bis-(3-Methyl-2.4-pentanedionato)copper(II)
This chelate, obtained as a gray-green solid, decomposed 
at 200-215°C. (I.R. Spectrum No.26).
Analysis: Calculated for C^H^gO^Cu; c, 49.7%; H, 6.3%.
Found: C, 49.6%; H, 6.3%.
bis-(3-Methyl-2,4-pentanedionato)cobalt(II)«2H2O
Obtained from the sublimator as a purple anhydrous chelate,
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this cobalt product added water very rapidly on exposure to the 
atmosphere and formed a dihydrate. The pink-orange dihydrate could 
be made to lose two moles of water on heating. The water was lost 
at 95-110°C, and the anhydrous complex melted at 176-178°C. (I.R.
Spectrum No.27).
Analysis: Calculated for ci2*l22^2C°’ 44.7%"; II, 6.8%.
Found: C, 44.4%; H, 6.7%.
bis-(3-Methyl-2,4-pentanedionato)nickel(II)° 2H2O
This product formed as green-yellow microcrystals which all 
turned to the green dihydrate on standing in the air. The product 
decomposed at 220°C without melting. Water was lost at 125-150°C 
as evidenced by a change from green to a pinkish-yellow.
Analysis: Calculated for C^2H22°6Ni’ C’ ^4.7%; 6.8%.
Found: C, 44.6%; H, 6.2%.
Chelates of 3-IIexyl-2.4-pentanedione 
A solution of the respective metal acetate (5 m4, 1%) 
was added to 10 mjl of a 10% solution of the ligand in ethanol.
Then 5 mi of 1% sodium acetate was added and the solution was heated 
on a steam bath for 1 hour. The mixture was then poured into 50 mi 
of cold water, precipitating the chelate. In the case of cobalt, the 
solution was extracted with 25 m£ of chloroform and then evaporated to 
dryness. Recrystallization from a 3:1 benzene-alcohol mixture yielded 
the crystalline chelates. 
tris(3-Hexyl~2,4-pentanedionato)iron(III)?
Iron formed a purple colored, water soluble complex which 
could not be extracted. On evaporation of the aqueous solution the
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complex decomposed and could not be isolated. 
bis- (3-Hexyl-2,4-pentanedlonato) copper (II)
This chelate recrystallized as gray-green needles from 
benzene-alcohol, and melted at 176.5-177°C. (I.R» Spectrum No.29).
Analysis: Calculated for C22^2gO^Cu; C, 61.4%; H, 8.9%.
Found: C, 61.2%; H, 8.8%.
bis-(3-Hexyl-2,4-pentanedionato)nickel(II)•21^0
Obtained as a green microcrystalline solid from benzene- 
alcohol, this complex decomposed at 210°C when it was rapidly heated. 
On slow heating to 80°C, the chelate turned purple-violet. This 
form decomposed also at 210°C. The violet form was found to be 
anhydrous, possibly diamagnetic. (I.R. Spectrum No.30).
Analysis: Calculated for C22H^2°6Ni’ C> 57.4%; H, 9.2%.
Found: C, 57.6%; H, 9.1%. Calculated for C22H3gO^Ni; C, 62.0%;
H, 9.0%. Found: C, 60.6%; H, 7.8%.
bis-(3~Hexyl-2,4-pentanedionato)cobalt(II)•21^0
This chelate was obtained as pink-orange microcrystals 
which decomposed, without melting, at 140-160°C. Further purification 
was unsuccessful when attempted by sublimation (I.R. Spectrum No.31).
Analysis: Calculated for c j 57.4%; H, 9.2%.
Found: C, 52.3%; H, 7.9%.
Chelates of 3-Hexyl-l.1.1,5.5,5-hexafluoro-2,4-pentanedione 
The chelates of this ligand were prepared by adding 5 mf 
of a 10% ethanolic solution of 3-hexyl-l,1,1,5,5,5-hexafluoro-2,4- 
pentanedione to 10 m.£ of a 1% metal acetate. solution. The mixture was
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allowed to stand 30 min and was then extracted with 15 m.6 of diethyl 
ether. The ether was then evaporated leaving the chelate as a 
residue. The chelate was crystallized from 70% ethanol. 
tris-(3-Hexy1-1.1,1.5,5,5-hexafluoro-2,4-pentanedionato)iron(III)?
The chelation attempt with iron resulted in the formation 
of a reddish-purple aqueous solution. No neutral iron(III) chelate 
was isolated.
bis-(3-Hexyl-l,1,1,5,5,5-hexafluoro-2,4-pentanedionato)copper(II)
This chelate formed as bright green needles, which melted 
at 93-95°C. (I.R. Spectrum No39).
Analysis: Calculated for ^22^26^4^12^U’ ^5.4%; 4*0%*
Found: C, 36.0%; H, 4.7%.
bis-(3-Hexyl-l,1,1,5,5,5-hexafluoro-2,4-pentanedionato)cobalt(II).2H9O 
The cobalt complex was obtained as pink-orange needles 
which melted at 115-117°C with retention of the hydrated water.
Analysis: Calculated for ^22^30°6^12C°’ ^3.7%; 4.4%.
Found: C, 33.6%; H, 4.8%.
bis-(3-Hexyl-l,l,1,5,5,5-haxafluoro-2,4-pentanedionato)nickel(II)« 2HgO 
This product crystallized as green needles which decomposed 
at 250°C without melting.
Analysis: Calculated for C22H.jQ0gF^2Ni; C, 33.7%; H, 4.4%.
Found: C, 33.8%; H, 4.2%.
7. Synthesis Sequence for 3-Acetyl-2,8-nonanedione (3-AcN)
The sequence of synthetic methods which were employed for
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the synthesis of 3-acctylnonane are summarized as follows:
H2S04a. 1-Methyl-l-cycopentanol — > 1-Methylcyclopentyl
(N.M.R. Spectrum 15) 2 2 Hydroperoxide
FeC13b. 1-Methylcyclopentyl Hydroperoxide — » 6-Bromo-2-hexanone
Co 6-Bromo-2-hexanone Acetylacetone 3-Acetylnonane-
(N.M.R. Spectrum 16) 2 3 2,8-dione
(N.M.R. Spectrum 
No.17)
The first two steps (a,b) led to the synthesis of the halide which 
was then used to alkylate acetylacetone by means of an active methylene 
synthesis (c). The details for this synthesis are given in the 
following procedures.
1-Methylcyclopentyl Hydroperoxide
This intermediate was prepared according to the method of 
66Milas and Perry , but with modifications. Accordingly, 1-methyl-l- 
cyclopentanol, 50 g (0.50 mole), was stirred and cooled to 0°C, and 
80 g of 70% sulfuric acid was added dropwise. The temperature was 
not allowed to exceed -5 to 0°C. Following the addition of all the 
acid, the reaction mixture was stirred as additional 30 min. Then,
70 g of 30% hydrogen peroxide was added while the temperature was 
maintained at -5 to 0°C during the process. After all the peroxide 
had been introduced, the'temperature was slowly raised to 25-30°C, 
and the reaction continued at that temperature for 6 hours. The 
mixture was then extracted with olefin-free petroleum ether. Five 25 mj£ 
portions were used. The extracts were combined, washed with 70% 
sulfuric acid, and then with water, and dried over sodium sulfate. The
petroleum ether was then reduced in volume to 60 mj& with an aspirator. 
The product at this point was used directly in the following synthesis.
6-Bromo-2-hexanone
This intermediate was prepared through a modification of the 
procedure suggested by Minisci and Belvedere^. The petroleum ether 
solution of 1-methylcyclopentyl hydroperoxide, prepared above, was 
cooled to 0 to -5°C. A solution of 84 g of iron(II) sulfate and 
80 m£ of 407. hydrobromic acid in 200 mf of water was chilled and added 
to the hydroperoxide at a rate that allowed the temperature of 0 to 
-5°C to be maintained. The two phase system was stirred vigorously 
for 30 min, then allowed to slowly warm to room temperature. An 
additional hour stirring was given to the mixture at room temperature, 
then the two layers were allowed to separate. The petroleum ether 
layer was removed, and the aqueous layer was extracted three times 
with 25 m^ portions of petroleum ether. The extracts were combined 
with the original petroleum ether layer, dried over sodium sulfate, 
and the solvent removed by evaporation at reduced pressure. The 
crude product was then distilled at 3 mm Hg pressure, and the 
fraction collected at 69-71°C was retained. The product was identified 
by nuclear magnetic resonance, infrared, and the properties of its 
semicarbazone (mp lit, 135-137°C; found 135-136.5°C). Yield: 467.
based on trie amount of 1-methyl-l-cyclopentanol taken.
3-Acetyl-2.8-nonanedione
Acetylacetone, 5 g (0.05 mole), and 4.5 g of potassium 
carbonate were suspended in 25 m£ of acetone, and 8.9 g of
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6-bromo-2-hexanone (0.05 mole) was added dropwise. The mixture was 
refluxed and stirred for 24 hours. After the reaction was complete,
50 mi of water was added to dissolve the solids. The resulting two 
phase system was steam distilled after adjusting the pH to 4 with IN 
hydrochloric acid. Distillation was continued until 100 mX of 
distillate had been collected. The distillate gave a red color with 
ferric chloride. The residue was extracted with five 10 mi portions 
of diethyl ether, and the extracts were combined, washed with soidum 
bicarbonate until neutral, dired over sodium sulfate, and the solvent 
removed by evaporation. The white product gave the characteristic 
purple color with ferric chloride. The compound was recrystallized 
from ethanol as needles which melted at 91-92°C. The yield was 2.4 g. 
(N.M.R. Spectrum No,17, I,R. Spectrum No.32),
Analysis: Calculated for C^H gO^; C, 66.6%; H, 9.1%.
Found: C, 66.6%; H, 9.3%.
bis- (3-Acetylnonane-2,8-d.ionato) copper (II)
Ten milliliters of a 10% ethianolic solution of 3-acetyle-2,8- 
nonanedione was added to 5 ml of a 1% solution of copper acetate and 
the mixture was warmed on a steam bath for 30 min. The mixture was 
then diluted to 50 mi with water, and the copper chelate precipitated 
as a gray-green solid. The complex was recrystallized from 3:1 
benzene:ethanol as gray-green needles which melted at 176-177*5°C.
(I.R. Spectrum No.33).
Analysis: Calculated for C^Hg^OgCu; C, 57.5%; II, 7*4%.
Found: C, 57.7%; H, 6.9%.
8. Synthesis Sequence for 3-(5-aminopentyl)-2..4-pcntanedione
The synthesis attempts for 3-(5~aminopentyl)-2,4-pentancdionc 
were conducted by two separate routes as follows:
Route A
aB Pentamethylene Bromide + Potassium Phtahlimide 
 ► N-(5-bromopentyl)phthalimide.
b0 N-(5-brompenthyl)phthalimide + acetylacetone 5 " A ->
3-(5-N-phthalimidopentyl)-2,4- 2 3
pentanedione
c. 3-(5-N-phthalimidopentyl)-2,4-pentanedione + Cu
 >bis-(3-(5N-phthalimidopentyl)-2,4-pentanedionato)
copper(II)
d. bis-(3- (5-N-phthalimidopentyl) -2,4-pentanedi.onato)copper (II)
+ and HC1--------> bis-(3-(5-aminopentyl)-2,4-
pentanedionato)copper(II)
e. Hydrolysis of this chelate —  — ■■» 3-(5-aminopentyl)-2,4-
pentanedione
N-(5-Bromopenyl)Phthalimide
This intermediate was prepared by means of the Sheehan 
modification of the Gabriel Synthesis^. Accordingly, 11,5 g of 
pentamethylene bromide (0.05 mole) was refluxed with 9.4 g potassium 
phthalimide in 30 mi of dimethylformamide. After 30 min, refluxing 
was stopped and the mixture was allowed to cool. Then 30 mi of 
chloroform and 100 mi of water were added, the layers were separated, 
and the aqueous phase was extracted twice with 15 ml portions of 
chloroform. The chloroform fractions were combined, washed with 50 mi 
of a 1% sodium bicarbonate solution, then with 100 mi of water. The 
solvent was removed by evaporation under as aspirator, following 
drying with sodium sulfate. The product was deposited as needles
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during the evaporation process. It was checked by nuclear magnetic 
resonance (Spectrum No.20) and was confirmed by infrared. The product 
was then used without further purification.
bis- (3- (5-N-Phthaliinidopentyl) -2,4-pentanedionato) copper (II)
(CuPiPAA2)
Acetylacetone, 5.5 g (0.055 mole), was dissolved in 50 mi 
of diglyme (diethyleneglycol dimethyl ether), and 3.0 g of potassium 
hydroxide was added all at once. The resulting mixture was stirred 
for 30 min, then 14 g (0.05 mole) of N-(5-bromopentyl)phthalimide 
was added all at once and the mixture stirred and relfuxed for 5 hours.
During this time the solids dissolved and the mixture turned from
light yellow to dark brown. The mixture was cooled and poured into 
a solution of 12 g of copper sulfate dissolved in 100 mi of water.
The gray copper chelate which precipitated was filtered, washed and 
air dried. The yield was 6.9 g, essentially quantitative. The 
chelate melted, but not sharply, at about 236°C. By 248°C, the complex 
had completely decomposed. (I.R. Spectrum No.35).
Analysis: Calculated for C^H^gOgl^Cu; C, 62.47,; H, 5.87,.
Found: C, 61.97.; H, 5.17.,
The ligand was not isolated for the remainder of this
sequence, but a small amount was obtained for confirmation by nuclear
magnetic resonance. One-half gram of the copper chelate was dissolved 
in 2 ml of carbon tetrachloride and decomposed with 10 mi of IN 
hydrochloric acid. The organic layer was washed with water until the 
washings were neutral and was then dried with sodium sulfate. The 
spectrum obtained with this carbon tetrachloride solution confirmed the
nature of the ligand. (N.M.R. Spectrum No.21).
bis-(3-(5-aminopentyl)-2.4-pentanedionato)copper(II) (CuNH^RAA) 
The above copper chelate, 6.9 g (0.05 mole), was suspended 
in 50 mX of methanol, and with stirring, 1.5 m^ of 85% hydrazine hydrate 
was added dropwise. The dark mixture which resulted was refluxed 
with stirring for one hour. After cooling, the mixture .was filtered, 
leaving a tan solid and a dark, brown-green solution. The filtrate 
was treated with 50 mA of water and hea'ted in a vacuum for 1 hour to 
remove the methanol. The resulting gray-green slurry was stirred 
with 25 mjJ of concentrated hydrochloric acid and heated on a steam 
bath for 30 min. The gray solid dissolved, and the solution was 
cooled and filtered. The filtrate was treated with 20% solution of 
potassium hydroxide to raise its pH to 7.9. After several minutes, 
a copious amount of a dark green precipitate formed. This solid was 
filtered, washed with water until the washings were neutral, and was 
air dried. The product, recrystallized from carbon tetrachloride 
as emerald green plates, which did not melt but decomposed at 120°C 
to a brown powder. (I.R. Spectrum No.36).
Analysis: Calculated for C20H36°4^2Cu’ C> 8.4%.
Found: C, 55.8%; H, 9.6%.
Attempted Synthesis of 3-(5-Aminopentyl)-2,4-pentanedione 
Conversion of the copper chelate to the free ligand was 
attempted by adding hydrogen sulfide to an ethanolic suspension of 
the chelate. The reaction was carried out in both acid and neutral 
media. The black copper sulfide which was produced was filtered,
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the pH of the filtrate was adjusted to 7, and the filtrate was 
extracted with five 10 m£ portions of chloroform., The extracts were 
combined, washed with water and then dried over sodium sulfate. The 
solvent was evaporated under vacuum, and white crystals were collected. 
These were washed with cold chloroform and air dried. The product 
melted at 104 to 105°C with accompanying sublimation. The yield 
was 1.2 g. The nuclear magnetic resonance spectrum, obtained for a 
chloroform solution of the product, casts some doubt on its exact 
composition since the expected niultiplet at tau 8.4 was not observed.
A peak which was characterized by the appropriate area ratio was 
found downfield at tau 7.6. The infrared spectrum of this compound 
indicated that the carbonyl, enol and amine groups could all be 
present in the compound. Bands due to N-H and 0-H stretching were 
also noted. The carbon-hydrogen analysis was low.
Analysis: Calculated for C^qH^C^N; C, 65.0%, H, 10.5%.
Found: C, 58.1%; H, 8.11%.
Route B
++a. Pentamethylene bromide + acetylacetone, then Cu
••• ■ ■ ■» bis-(3-(5-bromopentyl)-2,4-pentanedionato)copper(II)
b. bis-(3-(5-bromopentyl)-2,4-pentanedionato)copper(II) +
Potassium phthalimide  ^ Phthalimide adduct
N2H4c. The adduct > Copper chelate of 3-(5-aminopentyl)-
HCjJ 2,4-pentanedione
bis-(3-(5-bromopentyl)-2,4-pentanedionato)copper(II) (CuBrPAA?)
Acetylacetone, 10.0 g (0.10 mole), was dissolved in 30 
mi, of diglyme and 5.7 g (0.1 mole) of potassium hydroxide was added.
After stirring for 30 min, 23 g (0.1 mole) of pentamethylene bromide 
was added all at once. The reaction mixture was stirred at 60°C for 
16 hours, cooled, and diluted with 100 mf, of water. Two layers 
separated. The aqueous layer contained only acetylacetone in a very 
small concentration. The Vacuum distillation of the nonaquoous layer 
at 1.75 mm Hg pressure resulted in the separation of two'fractions, 
one distilling at 55-57°C which was found to be unreacted alkyl 
halide; the other remained as an oil in the still-pot. This oil 
could not be distilled without decomposition. A check of the .spectrum 
of the oil indicated that the oil was the desired product, without 
any significant contamination. The product was purified through 
the copper chelate. The oil was dissolved in 10 mi of ethanol, 
and poured into 100 mi of hot water containing 12.5 g of copper sulfate. 
On buffering with 10 mi of 17. sodium bicarbonate, the gray copper 
chelate precipitate. The chelate was filtered, washed with a small 
smount of cold ethanol and then dried. The yield of the chelate 
was 6.1 g. The gray chelate melted at 166-168°C; after recrystallization 
from 3:1 benzene-alcohol. (I.R. Spectrum No.34).
The ligand was not isolated for further work, but a small 
amount was formed for confirmation by nuclear magnetic resonance 
spectroscopy. One-half gram of the copper chelate was dissolved in 
2 mjJ of carbon tetrachloride and shaken with 10 mi of IN hydrochloric 
acid. The carbon tetrachloride layer was separated, washed with water 
until neutral, and dried over sodium sulfate. The spectrum which was 
measured with this solution confirmed the identity of the ligand which
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was not isolated (N.M.R. Spectrum No.19). The copper chelate was 
used in the following synthesis as the starting material.
bis-(3-(5-N-Phthalimidopentyl)-2,4-pentanedionato)copper(II)
To 5.9 g (0.01 mole) of bis-(3-(5-bromopentyl)-2,4-pentanedionato) 
copper(II), suspended in 50 mA of dimethylformamide, was added 3.85 g 
(0.022 mole) of potassium phthalimide. The mixture was refluxed for 
30 min with constant stirring. After cooling to room temperature, the 
mixture was poured into 200 m£ of water, and on adjusting the pH to 
7~8, the gray copper chelate precipitated. The chelate was recrystallized 
from benzene-alcohol (3:1) as gray needles. The complex melted slowly 
and with decomposition at 238°C. The yield was 6.1 g. A small 
portion of the chelate was treated as described above, to liberate 
the free ligand. The N.M.R. Spectrum of this product was identical 
to that previously described. This copper chelate was then hydrolyzed 
with hydrazine hydrate and hydrochloric acid as already described.
This procedure gave the same emerald green copper chelate of 
3-(5~aminopentyl)-2,4-pentanedione as already noted under Route A.
III. DISCUSSION 
Part 1. The Thio-p-Diketones
I. Attempted Chelation of the Dimeric Thio-B~Diketones
Although the dimeric forms of the thio-(3-diketones were 
first prepared in 1906, there was no mention in the literature of 
any efforts to form the chelates of these potential ligands at 
the time this study was initiated. Even though these reagents 
were dimeric, it was thought that they might still be able to react 
with a metal ion. Unfortunately, all efforts aimed at the chelation 
of the dimers ended in failure. There was no indication that the 
dimers were capable of dissociation, which would be a prerequisite 
for chelation. The adamantanoid structure of the dimers represents 
a very stable state. For example, each of the dimeric thioketones 
studied was recovered unchanged after refluxing the dimers in acid 
or base and after heating the dimers to temperatures above their 
boiling point, both in the presence and absence of various chelating 
metal ions.
After all attempts to chelate the dimeric thioketones
directly with metal ions failed, a series of experiments was carried
68out along the line of attack suggested by Schrauzer which had 
been successful for the preparation of the chelates of the dithio- 
alpha-diketones. Schrauzer's procedure by-passed the actual 
isolation of the thio-ligand: the a-diketone was mixed with
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phosphorus pentasulfide and refluxed. A metal acetate was added 
and the chelate of the dithio-alpha-diketone was formed. When 
this procedure was applied to the synthesis of the thio-p-diketones, 
it gave only tars, from which no metal chelate could be isolated.
2. Monomeric Ethyl Thioacetoacetate
Mirta first reported the synthesis of monomeric ethyl 
26thioacetoacetate . The procedure was similar to that proposed by 
Fromm and by Brandstrom for the preparation of dimeric dithioacetyl- 
acetone except that reagent concentrations were kept low to retard 
the formation of a dimeric product. Isolation of the monomer was 
effected by adding lead acetate to the reaction mixture, which 
resulted in the precipitation of a yellow lead complex along with 
some lead sulfide. The lead complex was extracted into ether, to 
remove the sulfide and other impurities, then decomposed with hydrogen 
sulfide, leaving the free ligand dissolved in the ether layer. Mirta 
did not report any attempt to form other metal products. Mirta's 
synthesis was repeated in this laboratory, and the pure ligand 
was isolated by distillation of the ether layer under reduced pressure. 
When mixed with nickel acetate, an ethanolic solution of the thio- 
ester precipitated a red-brown, solvent-free nickel chelate. The 
same nickel chelate was prepared from Mirta's yellow lead complex, 
when the latter was refluxed with nickel acetate in dioxane.
The neutral nickel chelate was found to be quite soluble 
in most common organic solvents. The reddish color of the complex
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suggested that it might be diamagnetic,, The presence of diamagnetic 
character was substantiated when it was found that the chelate 
would give rise to a nuclear magnetic resonance spectrum, not much 
different with respect to chemical shifts from the free ligand.
The spectra of SEAA and the nickel product are shown in Figure 4.
The chelate ring methylene proton is observed at tau 4.25 in the 
spectrum of the chelate and at tau 4.23 in that of the free ligand.
The infrared spectrum of the nickel chelate showed strong bands at 
1585,_J.530, and 1240 cm These were later assigned to the
C CT C 0, and C S stretching modes. Independently, Chaston
and co-workers confirmed these observations and were able to assign 
the Ni-0 stretching mode to a medium band found at 451 cm No 
bands could be assinged to the Ni-S mode.
The nickel chelate was found to be volatile. At a pressure 
of 1.0 mm Hg, the chelate sublimed readily and formed a crystalline 
zone at 86-64°C. Recovery was 85% complete. A considerable amount 
of decomposition was noted when the highest temperature was above 
175°C.
3. Monomeric Monothio-6-Diketones
After the successful synthesis of the monothio derivative of 
acetoacetic ester, a similar procedure was applied to the g-diketones 
to synthesize the monothio-g-diketones. In general the synthesis was 
found to be applicable, but a number of modifications (which are given 
in detail in the experimental section) were necessary.
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Figure 4






Three diketones of analytical signifiva,ice «• re chosen 
for study, namely: acetylacetone, hexafluoroaee' y1 ■ . one, and
thenoy11r if1uoroace t one.
The reactivity of these p-diketones tc-M -.i • ,drogen 
sulfide was found to vary among themselves, and c ; i er from 
acetoacetic ester. The rate of reaction dependca t' ;vly upon the 
concentration of hydrogen chloride present in t.L • .ion mixture.
While a comparatively low concentration of hydrt̂ -.-.i . iiloride was 
required to duplicate Mirta's synthesis, the prf -v.rtl.- i of the 
thio-p-diketones required substantially higher <nvcPntration of 
the gas. In order to react, acetylacetone requj.r-.-.J ..■••■mt five 
times the concentration of hydrogen chloride as «ii-' acetoacetic 
ester. Thenyltrifluoroacetone required a satur-'-tr i .-.olution of 
hydrogen chloride, whereas hexafluoroacetylacetoiv r squired that 
the solution be saturated with hydrogen chloridt uodrr pressure.
In all the preparations, thorough saturation wiM- hydrogen sulfide 
was required. Thus a qualitative order of reactivity of the 
reactants toward hydrogen sulfide was observed: 3thy.- acetoacetate> 
acetylacetone>thenoyltrif luoroacetone>hexaf luoro/.i-.-i i.„cetone. 
Apparently a significant concentration of the k( t -.icomer is 
required for a good rate of reaction. The degivc uiolization, 
as observed through the nuclear magnetic resonuuv: ? oectra of
the dicarbonyls, follows an inverse order, comp. r. < : ;i the order
of reactivity. The degree of acidity, afforded in' hydrogen 
chloride, probably promotes this ketone forma tic :t„
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The position of attack by the sulfur is of no real 
consequence in the reactions with acetylacetone and the hexafluoro 
compound. However, an isomeric mixture of products was anticipated 
for the thio-derivatives of acetoacetic ester and thenoyltrifluoro- 
acetone. Interestingly, no isomers were observed for these two 
compounds. The N.M.R. spectra, shown in Figure 5, clearly indicated 
that only one product resulted in any significant degree. Apparently 
an order of preference exists for the site of attack: CH^ > OCl^C^;
C^H^S > CF^o Subsequent work by Chaston confirms this order and 
expands it to include CH^ > CgHy The carbonyl group adjacent to 
the best electron releasing group, operating through the inductive 
effect, is the preferred site for the attack by hydrogen 
sulfide.
There also exists a question as to whether the sulfur 
exists in a thio-keto or thio-enol form or as a tautomeric mixture 
of the two. The nuclear magnetic resonance and infrared spectra of 
the compounds indicate that the thio-p-diketones exist exclusively 
as the thioenol - keto form. Chaston recently reported the mass 
spectral investigation of thiothenoyltrifluoroacetone, in which the 
data confirm that only the thioenol. - keto form of the ligand 
exists. This piece of information, in addition to the nature of the 
N.M.R. data and the infrared spectrum, leaves little argument for 
the presence of detectable amounts of the other tautomer. Recently, 
Klose and co-workers have found that an exchange occurs between the 
thioenol and the enol forms at low temperatures, but at temperatures
Figure 5
The NMR Spectra of the Thio-|3~Dike tones and Their Nickel Chelates
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above 20°C, the thioenol is the only form that is present*^.
The infrared spectra of the (3-diketones obtained in the 
range of 4000 cm  ̂to 600 cm ̂  show two characteristic bands. The
broad band at 1698 - 1593 cm ̂  has been assigned to the C O
stretching mode and a band at 1640 - 1527 cm  ̂to the C,~— ’C 
stretching mode^. The latter appeared frequently as a'shoulder 
and sometimes was totally obscured by the broad 0 O band, A 
band, usually quite weak, at 1757 - 1718 cm  ̂is probably due to
the u -~0 stretching mode of the keto tautomer. This band is not
found in the spectra of hexafluoroacetylacetone and thenoyltrifluoro- 
acetone, indicating the absence of any significant amount of keto form.
The thio-(3-diketones show four characteristic bands from 
4000 to 600 cm The normal absorption due to the S-H band at 
2700 cm is lacking from the spectra. This represents a situation 
similar to that of the (3-diketones, in which no 0-H stretching 
bands are observed above 3000 cm Both of these observations may 
be attributed to the strongly hydrogen-bonded chelate ring system. 
Assignment of the characteristic bands of the thio-(3-diketones and 
the (3-diketones are shown in Table VII.
Holm and Cotton^ have studied the electronic spectra 
of the (3-diketones, and found the very intense absorption centered 
around 298 mp to be due to tt -* n* transitions in the molecular 
orbitals of the (3-dicarbonyl groups. The thio-(3-diketones show a 
similar band, but shifted 20 to 50 mp to lower energy. The 
assignment of this band is probably the same as the diketone.
These absorptions show maxima as follows: thioacetylacetone,337 mp,
TABLE VII
INFRARED CHARACTERISTIC BANDS AND ASSIGNMENTS FOR THE THIO-p-DIKETONES AND THE {3-DIKETONES
Compound
v Q— .0 v C--0
Band Assignments
V c C v c s m n— 55 + n-H
Acetylacetone 1747 1670 1612 ----
Thioacetylacetone 1727 1645 1570 1200 834
Hexa f1uor oa ce ty la ce tone 1765 1685 1568 ----
Thiohexafluoroace tyla ce tone 1759 1655 1655 1205 805
Ethyl Acetoacetate 1757 1660 1540 ---- ---
Ethyl Thioacetoacetate 1730 1670 1538 1190 828
Thenoy1tr if1uoroa ce t one ---- 1657 1538 ---- ----
Thiothenoyltrifluoroacetone ---- 1612 1552 1258 819
Assignments of the Bands for the Thio-B-Piketones




-1 C O stretching
r. C stretching
C. S stretching
C S stretching +
C— H  deformation
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e, 9,630; thiohexafluoroacctylacetone, 329 mp,, e, 10,500; and 
thiothenoyltrifluoroacetone, 355 mp,, e, 8,450.
4o The Chelates of the Thio-3-Diketones
The results of a survey of the chelation ability of the 
thio-p-diketones with several metals are shown in Table'VIII.
All the thio-{3-diketone chelates which were isolated were found 
to be solvent free, neutral chelates'. The chelates are probably 
planar as shown below for the nickel chelates.
The nickel products are all stable, low spin diamagnetic chelates 
which give rise to normal nuclear magnetic resonance spectra. 
Comparison of the spectra of bis-^hioacetylacetonato)aickel(II) and 
of bis-ethyl thioacetoacetato)nickel(II) leads to the observation 
that the methylene proton changes very little with respect to its 
chemical shift when the ligand is chelated. The fluorinated 
ligands, on the other hand, show quite a shift of this proton. 
These shifts are shown in the following table (Table IX). On the 
basis of Holm and Cotton's observations, for the spectra of the 
diamagnetic acetylacetonates, one would anticipate only a slight
V
TABLE VIII
RESULTS OF THE CHELATION SURVEY FOR THE THIO-B-DIKETONES
Metal Ion SAA SFgAA STTA
Nickel(II) red-brown black red-brown
Copper(II) olive-brown red-brown olive
Cobalt(II) black-green black-green brown-black
Palladiura(II) j red red-black red-brown
Cadmium(II) yellow yellow yellow
Zinc(II) orange-yellow decomposition? yellow
Iron(III) no product no product no product
Aluminum (III) no product no product no product
Iron(II) no product no product no product
Mercury(II) pinkish green (decomposed?) yellow




METHYLENE-PROTON CHEMICAL SHIFTS FOR THE NICKEL 
THIO- (3-DIKETONES
Ni/2
R R Methylene Methylene
Proton in Proton in
Ligand Ni Chelate
T T
CH3 °"C2H5 4,23 4o25
CH3 CH3 3.69 3.70 (isomers?)
CF3 CF3 3.25 7.85
CF0 C.H.S 3.05 5.063 4 3
✓
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change in these resonance signals as a result of chelation. The 
observed up-field shift in the case of the fluorinated ligands may 
be the result of disulfide formation during the chelation process.
The infrared spectra of the chelates of the thio-diketones
were found to be quite similar to those of the p-diketones, except
that two extra bands were always present. Assignment of the
characteristic bands for the thio-p-diketone chelates was made by
comparison to Nakamoto's assignments for the p-diketonates?-̂. The
assignments for the thio-p-diketone chelates are as follows:
1590 - 1535 cm \  the C P. stretching mode; 1542 - 1420 cm \
the C 0 stretching mode; 1261 - 1180 cm \  the C~~"S stretching
band; and at 817 - 800 cm \  a C S stretching mode coupled with a
C-H deformation. The characteristic M-0 mode was found at 515 - 400cm\
but no bands assignable to the M-S mode could be identified. With
many sulfur containing ligands, the M-S stretching mode is observed
over a range of 360-308 cm No well defined absorption could be
found in this spectral region for the thio-p-diketone chelates.
34Chaston and co-workers confirmed the above assignments in their 
studies on the nickel chelate of thioacetylacetone. The extension 
of their interpretations has been by comparison of the individual 
spectra and are only qualitative. Individual assignments for the 
chelates can be found in Appendix II. A band by band comparison of 
the spectra of the nickel chelates of acetylacetone and thioacetyl­
acetone is given in Table X.
The electronic spectra of the thio-p-diketone chelates all
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TABLE X
A COMPARISON OF THE INFRARED SPECTRA ASSIGNMENTS OF 
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show the same profiles as do the p-diketone chelates, except that
they are found at lower energy. The maximum absorption is probably
due to the rr -* rt* transition in the molecular orbitals of the
chelate ring system. The molar absorptivities were found to be
3 /j,in the order of magnitude of 10 to 10 , again similar to the
(3-diketone analogs. The wavelength of maximum absorption and the
molar absorptivities are found in the experimental section, Table V.
The absorption spectra of the aliphatic thioketone chelates were found
to be more intense and sharper than the spectra for the chelates of
thiothenoyltrifluoroacetone.
The shift of the absorption maximum to lower energy results
in the visible coloring of the chelates vhich are not usually colored
in the case of the diketones: chelates of cadmium, zinc, and lead are
yellow to orange for the thioketones but white for the diketonates.
This difference may be of some analytical value for colorimetric analysis.
Most of the complexes were found to be volatile, and they
sublimed readily at 1 mm pressure. Because of their sensitivity to
oxidation and thermal decomposition the recovery of the sublimed
chelates was quite poor as compared to the (3-diketonates. The recovery
calculations were based on the difference in weight of the samples
measured before and after sublimation. Decomposition was obvious, for
many samples deposited a quantity of yellow liquid at the low temperature
end of the tube. The same order of leading edge temperatures was noted
for the thioacetylacetonates as was described by Berg and Harlage for
3 4the acetylacetonates. ’ . The same was found true of the thiothenoyl­
trif luoroacetona tes. The data for the thioketones are compared
to the (3-diketonates in Table XI and Figure
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Figure 6
Comparison of the Fractional Sublimation
Recrystallization Temperatures of the Thioketonates to tjhe Dik^tonates
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TABLE XI
A COMPARISON OF THE HIGHEST TEMPERATURES OF THE 








Ni(SAA)2 110 70 Ni(AA)2 111 92
Cu(SAA)2 103 98 Cu(AA)2 102 94
Co(SAA)2 86 -- Co(AA)2 88 99
Pd(SAA)2 90 53 Pd(AA)2 94 99
Cd(SAA)2 115 — Cd(AA)2 137 87
Zn(SAA)2 not volatile Zn(AA)2 38 93
Pb(SAA)2 not volatile Pb(AA)2 ----- —
Hg(SAA)2 not volatile Hg(AA)2 75 - -
Ni(SF6AA)2 35 98 Ni(F6AA)2 -- - -
Ni(STTA)2 148 70 Ni(TTA)2 175 100
Cu(STTA) 150 60 Cu(TTA)2 145 100
Pd(STTA)2 138 28 Pd(TTA)2 152 88
Co (STTA)2 109 10 Co(TTA)2 147 100
Zn(STTA)2 119 15 Zn(TTA)2 134 100
Cd(STTA)2 131 30 Cd(TTA)2 180 trace
Pb(STTA) 120 5 Pb(TTA)„ 152 dec.
Part IIo The Methylene-Alkylated g-Diketones
lo Synthesis Procedures
The alkylation of the active methylene group of acetylacetone
was effected by the reaction of acetylacetone with an alkyl halide
in an appropriate solvent and in the presence of a base. The
reactions and conditions for alkylation by methyl iodide and
hexyl bromide are summarized and illustrated in Figure 7. Johnson 
47and co-workers suggested the use of acetone as a solvent and 
potassium carbonate as the base when alkylating acetylacetone with 
methyl iodide. This same procedure was found to work also when 
hexyl bromide was employed as the alkyl halide. The use of 
dimethylformarnide instead of acetone as the solvent was found to 
afford slightly imporved yields. When diglyme was employed as a 
solvent and potassium hydroxide as the base, alkylation of 
acetylacetone by methyl iodide resulted in nearly quantitative 
yield of 3-methyl-2,4-pentanedione. Unfortunately this combination 
of solvent and base was found too late to be applied in the 
alkylation of acetylacetone and hexafluoroacetylacetone by hexyl 
bromide.
The alkylation of acetylacetone with 6-bromohexanone-2 
resulted in the synthesis of 3-acetylnonane-3,8-dione. The halide 
was not commerically available and was synthesized according to 
the scheme shown in Figure 8. Accordingly, 1-methyl-l-cyclopentanol 
was converted to 1-methylcyclopentyl hydroperoxide by the action
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Figure 7
Synthesis of the Simple Alkylated-{3-Diketones
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of 30% hydrogen peroxide in sulfuric acid solution. The hydroperoxide 
proved to be somewhat unstable and could be handled, only as a 70% 
solution in petroleum ether. The hydroperoxide, in cold ether, 
in the cold, was decomposed by iron(II) in the presence of 46% 
hydrobromic acid to give 6-bromo~2-hexanone. The over all yield of 
the bromo-ketone was 37-46%, based on the quantity of cyclic 
alcohol taken.
Acetylacetone was then reacted with 6-bromo-2-hexanone 
under reaction conditions similar to those employed for the synthesis 
of the simple alkylated diketones. Two different solvent-base 
combinations were employed, acetone-potassium carbonate and diglyme- 
potassium hydroxide. The best yield was obtained when acetone was 
employed as a solvent. When diglyme was used as the solvent, a mixture 
of products resulted, none of which would chelate copper. The N.M.R. 
spectrum of the white solid product indicated that alkylation 
followed by a partial Stobbe condensation may well have occurred.
The spectrum of this compound showed a singlet at tau 8.95 and one 
at tau 5.1. In addition a broad multiplet at tau 8.35, and a 
apike at tau 7.80 were observed, but no triplet which could be 
assigned to a methylene proton located between two carbonyl groups 
was observed. The integrated areas for the above absorptions were 
found to be 3:1:8:6, respectively. These data correspond to a 
compound of the following structure.*
Procedures leading to the synthesis of 3-(5-aminopentyl)-
2.4-pentanedione are outlined in Figure 9. The synthesis involves 
first the Gabriel synthesis of a primary amine from an alkyl halide.
The phthalimido product of pcntamethylene bromide was prepared but 
not hydrolyzed. It was used in the active methylene synthesis with 
acetylacetone, in diglyme solvent and with potassium hydroxide as 
base. This product was chelated by copper to protect the diketone 
groups from the action of hydrazine in the subsequent hydrolysis.
A second route was also taken to form this copper chelate.
Pentamethylene bromide was first alkylated with acetylacetone, then 
the copper chelate of the resulting 3-(5-bromopentyl)-2,4-pentanedione 
was prepared. This copper chelate was reacted with potassium 
phthalimide to form the copper complex of 3-(5-N-Phthalimidopentyl)-2,4- 
pentanedione. Bis- (3-(5-N-phthalimidopentyl) - 2,4-pentanedionato).copper(II) , 
obtained by either of the above routes, was hydrolyzed with hydrazine 
and hydrochloric acid to yield the copper chelate of 3-(5-aminopentyl)-
2.4-pentanedione. The nature of the copper chelate of 3-(5-aminopentyl)-
2.4-pentanedione was established by its infrared spectrum and 
carbon-hydrogen analysis.
Figure 9
Synthesis of Copper 3-(5-Aminopentyl)Acetylacetonate
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The free ligand, was not recovered from its copper 
chelate. Instead a white crystalline solid, which gave a low carbon- 
hydrogen analysis, was recovered. However, the infrared spectrum 
seemed to indicate that the proper groups were all present. The 
N.M.R. spectrum indicated the presence of a CH^CcO group and an 
enol proton, but there was no evidence of a (ClÎ ) ̂  multiplet.
Instead a spike at tau 7.6 was present as well as a broad peak at 
lower field, tau 3.5. The integration curve for the absorption 
spectrum indicated that the relative areas were 3:5:1:1 for these 
peaks, The product was not identified and the compound did not 
chelate with copper, nickel or cobalt.
2. Spectra and Structure of the Alkylated 6-Diketones
Acetylacetone and the acetylacetonate anion both exist 
in a configuration in which the carbonyl groups are coplanar and 
on the same side of the molecule. This structure has been confirmed 
by infrared, ultraviolet, and nuclear magnetic resonance spectroscopy. 
The alkylated drivatives of acetylacetone were initially presumed 
to have the same steric conformation, but the differences in chelation 
characteristics warrented a new look at the structure of these ligands.
The N.M.R. spectrum of acetylacetone suggests that this 
compound is highly enolic. Calculations by various workers have shown 
that 80 - 84% enol character can be assigned to acetylacetone.
The calculations of the degree of enolization of the alkyl derivatives 
as determined from the N.M.R. spectra show a range of 33 - 46%.
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These spectra are shown on the following pages in Figure 10.
The enol proton was found to be characterized by a 
greater chemical shift for the alkylated p-dilcetones than for the 
normal {3-diketone. The enol proton is usually unaffected by 
concentration, and since the solvent was the same in all cases, one 
must conclude that the presence of the alkyl group alters not only 
the position of the keto-enol equilibria, but also results in greater 
deshielding for the enol proton,, This deshielding, in spite of the 
anticipated increase in electron density of the chelated proton 
ring system, might be explained in terms of the structure which 
was not observed for acetylacetone, the so-called trans-enol form:
R
In the above structure the increased electron density of the alternating 
double bond would be of little consequence since the oxygen atoms are 
no longer on the same side of the molecule. Infrared spectra of the 
alkyl {3-diketones tend to confirm this hypothesis, for unlike 
acetylacetone, 0-H bands are found at 3300 - 3000 cm The above 
structure would relieve some of the crowding that occurs when the 
alkylated diketones are assigned structures like acetylacetone. A 
minimum of crowding occurs when the carbonyl and enol are at right
Figure 10
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angles to each other as shown in Figure 11. There appear to be 
completely independent lceto and enol absorptions, such as were 
noted in the N.M.R. spectra. Strong bands were observed at 
1725 - 1700 cm \  which can be attributed to a free carbonyl group. 
Broad, but medium intensity bands occur at 1680 - 1610 cm \  and 
these are assigned to the enol CZULO stretching modes. The medium 
bands which often appeared as shoulders in the 1600 - 1525 cm  ̂
region were assigned to the enol CL— —C stretching modes. Medium 
to weak polyimeric 0-H stretching modes at 3400 to 3200 cm  ̂were 
also characteristic of these ligands.
The electronic spectra of the alkylated g-diketones, 
summarized in Table V, were measured in the range of 350 to 210 mp,, 
and all appeared as broad envelopes with rather flattened peaks which 
centered around 300 mp,., The alkylated g-diketones show molar 
absorptivities only about half that of acetylacetone. This envelope 
apparently is composed of the mixture of keto and enol rr -* tt* 
transitions. The lower values of the extinction coefficients as 
compared to acetylacetone can be taken to indicate the out of plane 
inhibition of resonance in the enol form.
3. Chelates of the Alkylated B-Diketones
A representative cross-section of metal ions in a variety 
of oxidation states were surveyed with several alkylated p-diketones. 
The results of this survey are summarized in Table XII. The data 
indicate that these ligands are very nearly specific for copper,
Figure 11











THE CHELATION SURVEY FOR THE ALKYLATED- (3-DIKETONES
Metal
Ion
3-MeAA 3-lIexAA 3-IlexE AA 6 3-AcN
Ca(II) 0 0 0 0
Cr(III) 0 0 0 0
Mn(II) 0 0 X 0
Fe(III) X X X X
Co(II) + + + 0
Ni(II) + + + 0
Cu(II) + + + +
Zn(II) 0 0 0 0
AX(III) X 0 0 0
Be(II) X 0 0 0
Mg(II) 0 0 0 0
Pd(II) 0 0 0 0
Pt(II) 0 0 0 0
Cd(II) 0 0 X 0
Fe(II) — 0 0 0
UO(II) X 0 X 0
Legend: 4* = neutral chelate isolated
X s color change, but no neutral product isolated
0 = no indication of reaction nor any product isolated.
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but will form neutral chelates with nickel and cobalt„ Thermogravi-
metric analysis showed that the chelates of nickel and cobalt were
dihydrated. Iron(III) formed a purple complex with the alkyl
p-diketones which was soluble in water, and could not be extracted
56into organic solvents. Although Martin and Martin reported the 
formation of beryllium and uranyl chelates of several methylene- 
alkylated {3-diketones, this survey indicated that no neutral chelates 
of these ions formed. (Martin and Martin gave only stability constants 
and did not attempt to isolate their products). Aluminum, zinc, 
cadmium and chromium formed precipitates when the pll of the system 
was raised but the solids were found to be basic acetates, hydrous 
oxides and hydroxides. All the chelates which were isolated were 
neutral,and very soluble in carbon tetrachloride, benzene and 
alcohol.
Using the same conditions for synthesis, acetylacetone 
formed chelates with all the metals.
4. Structure and Spectra of the Chelates
The infrared spectra of the chelates were determined for 
the range of 4000 to 300 cm The experimental results are 
summarized in Appendix II. The copper chelate of acetylacetone has 
been thoroughly studied by Nakamoto, who assigned the observed 
bands by means of a normal coordinate analysis^. The spectrum 
of bis-(3-hexyl-2,4-pentanedionato)copper(II) is compared to the 
acetylacetonate in Table XIII. The bands of the alkylated (3-diketones
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were assigned on t:he basis of this comparison. The characteristic
The assignments for hexylhexafluoroacetylacetone are 1660 - 1655,
shifting of the Cr~~Q and M-0 bands to significantly higher energy
but has but little effect on the 0-- 0 modes,, This is substantially
the same effect as has been noticed for benzoylacetonates. The 
effect was explained for the benzoylacetonates by Nakamoto. The 
negative charge density is increased at the methylene carbon atom 
and the oxygen atoms in the chelate ring system as follows:
case of the alkylated products. The inductive effect would result 
in the release of electron density into the chelate ring system, 
building up on the oxygen atoms and the methylene carbon.
bands are assigned as follows: CHH0 stretching, 1622 - 1565 cm
C— "0 stretching, 1580 - 1565 cm ^; M-0 stretching, 487 - 415 cm
1640 - 1645 and 375 - 357 cm \  respectively.
The introduction of the alkyl group.results in the
Cu
It would seem reasonable that a similar effect would occur in the
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A comparison of the copper chelates of this series with 
respect to the Cu-0 band is shown in Table XIV. A significant 
change is noted on the introduction of groups near the terminus
of the side chain,, A shifting in the C 0 band can also be seen.
This shift may be evidence for the tridentate activity sought with 
these ligands. If this character does exist, the question arises as 
to whether or not the chelates are monomolecular or polymeric. The 
volatility of the copper chelates of 3-acetyl-2,8-nonanedione and 
3-(5-bromopentyl)-2,4-pentanedione suggests that they are 
monomolecular, or that they readily dissociate. The copper complex 
of 3-(5~aminopentyl)-2,4~pentanedione is not volatile, possibly 
indicating that the complex is of a polymeric character. A 
monomolecular "tridentate" chelate is illustrated in Figure 12.
This drawing is based on a molecular model of the complex, which 
indicated that the ten member ring system would be the smallest 
that could form.
The electronic spectra of the chelates of the alkylated 
diket.ones are compared to that for copper acetylacetonate in Table XV 
and also in Figure 13. The characteristic color of the copper chelates 
is due to a shift in the maximum visible absorbance from the 670 mjj, 
absorbance of the acetylacetonate of maxima in the range of 
635 - 640 mp,. The shift to higher energy implies an increased 
ligand field. The ultraviolet spectra of the simple alkyls are 
similar to that of the acetylacetonate. The ultraviolet absorption 
is probably due to a tt -* n* transition, while the visible spectra
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TABLE XIV





AA(10) 1580 1554 455
MeAA 1620 1560 470
HexAA 1622 1570 475
AcN 1620 1585 487
(5BrP)AA 1622 1580 457
(5Pi)AA 1620 1575 447
(5NH2P)AA 1620 1580 465
f6aa(io) 1644 1614 415
HexFgAA 1660 1640 375
Figure 12 





THE ULTRAVIOLET-VISIBLE SPECTRA OF THE COPPER CHELATES
Complex Ultraviolet Visible
e emax max max max
Cu(AA)2 298 18,700 670 40
Cu(MeAA)2 308 27,100 636 41
Cu(HexAA)2 308 21,700 635 42
Cu(AcN)2 270 24,500 638 40
Cu(5BrP)AA2 308 21,500 642 42
Cu(5PPiAA)2 292 34,200 640 41




Ultraviolet-Visible Spectra of Some Cu Chelates
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involves the d electronic transitions. Should the central copper 
atom form an adduct with another coordinating atom, such as the nitrogen 
in an amine, one could anticipate a dramatic change in the visible spectra. 
This change has been noted for the adducts of copper acetylacetonate 
with various nitrogeneous bases. The adducts are usually very intensly 
green colored. The absorption spectrum of the copper complex of 
3-(5-aminopentyl)-2,4-pentanedione shows this same shift when compared 
to the chelates of the simple alkyls. This may be taken as additional 
evidence for the existence of this complex compound.
5. Volatility Characteristics of the Chelates
The chelates of the' alkylated 3-diketones were found to 
be volatile with few exceptions, and they sublime readily under 
the conditions of fractional sublimation. A comparison of the 
recrystallizatiori zone temperatures is shown in Figure 14. The 
introduction of an alkyl group results in an increase in the 
recrystallization zone temperature for the nickel, copper and 
cobalt chelates as compared to the acetylacetonates.
6. Selectivity and Structure of the Alkylated 8-Diketones
17Holm and Cotton have demonstrated that the enolate 
of acetylacetone is held in the planar, cis-configuration by 
interaction with protic solvents. This creates a strong dipole 
with the oxygen atoms held in the proper attitude for chelation.
This strong dipole also permits easy penetration of the solvent
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Figure 14
A Comparison of the Zone Temperatures of the Alkylated 
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sphere which surrounds the metal ion in solution. Thus 
acetylacetone readily chelates most metals in aqueous media.
If the structure of the alkylated diketoncs is, in fact, like 
that proposed in Figure 11, several comparisons to the behavior 
of acetylacetone can be made. First, the keto and enol groups 
of the alkylated diketone are somewhat hidden from polar solvents 
by the alkyl groups. This makes interaction with the solvent far 
more difficult, and consequently retards penetration of the solvent 
sphere around the cation. Second, the structure of the alkylated 
diketonc is not disposed to square-planar coordination. Thus, one 
would expect that chelation of a metal ion with alkylated 
g-diketones would occur with much greater difficulty.
To react with the metal, the enolate oxygen of the alkyl
diketone must be able to penetrate the solvent sphere of the
metal ion. With the non-planar configuration of the diketones,
the chelation process could be expected to occur as shown in
Figure 15. In aqueous media, the solvated copper ion possesses
an easily approached site which could initiate chelation. The
tetraaquocopper(II) ion has four water molecules held in a
square-planar configuration. Two more water molecules are 
«
loosely set above and below the plane to complete the symmetry 
of the water sheath. These two water molecules are very easily 
displaced. It is also known that copper shows both square-planar 
and tetrahedral configurations in complexes. As the first oxygen 
of the diketone displaces one of the loosely bound water molecules,
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Figure 15
A Possible Mechanism for the Chelation of Copper by an 
Alkylated-(3-Diketone
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the position of the second oxygen in such that its approach to 
copper would be along one of the tetrahedral axes. Under these 
conditions, the driving force for chelation would now be present. 
Two water molecules arc lost, and a tetrahedral copper complex 
is formed. Repeating this entire procedure would lead to the 
square-planar copper chelate. This mechanism could explain the 
apparent selectivity of the alkylated 0-diketones. As indicated, 
a suitable metal ion would be one of a usual coordination number 
of four. It would also be necessary for this metal to be capable 
of showing both square-planar and tetrahedral coordination. Of 
the metals surveyed, only copper, cobalt(II), and nickel(II) 
fill those requirements and cobalt and nickel only when they 
exhibit a coordination number of four. None of the other metals 
surveyed possesses these qualifications, and in fact, none formed 
neutral chelates.
IV. CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK
The thio-derivatives of the {3-diketones offer little 
in the way of promise as analytical reagnets unless some way of 
stabilizing the ligand can be found. The suceptibility of these 
reagents to oxidative decomposition seems to be their greatest 
drawback. The chelates of the thioketones are far more soluble 
in organic reagents than are the (3-diketonates. If the ligands 
could be stabilized, they would certainly be of value in separations 
based on extraction. The thio-{3-diketonates are not as suitable for 
separation by sublimation as the {3-diketonates, but do offer the 
advantage of being somewhat more selective in their chelation with 
metals. This selectivity is probably the result of the size of the 
sulfur atom and its influence on the chelate ring system, both 
sterically and electronically. The ease witli which the thioketone 
can be oxidized suggests that this may also be part of the reason 
for their apparent selectivity toward lower oxidation state ions.
The investigation of the disulfides of the thio-(3-diketones, 
which were first described by Chaston, would be a logical extension 
of this research. After reduction by boiling ethanol, these disulfides 
form chelates with nickel(II). No research has been conducted as to 
the specificity of this behavior. Stable disulfides have been reported 
only for the aromatic {3-diketones, a fact which would probably eliminate 
their use in so far as sublimation is concerned, but would make them of 
potential value as reagents for separation by solvent extraction.
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The thio-p-diketonates should prove of considerable interest 
to the inorganic chemist. Some questions to be investigated include 
the following: Why does nickel form low spin, diamagnetic complexes
with the monothiolcetones, but paramagnetic complexes with the 
p-diketones? How general is this behavior? How does sulfur in the 
chelate ring system affect the molecular orbitals of the chelates, 
and why is there an apparent batho-chromic shift in the electronic 
spectra of these reagents. The elctronic spectra of these complexes 
would prove interesting to measure more accurately and then interpret.
The alkylated p-diketones present a wide open field 
of potential investigation. Many questions of importance and 
interest arise in this area. First, a really systematic investigation 
of these reagents and chelates is lacking from the current literature. 
Several conflicting observations have been reported. The structure 
of these reagents needs a great deal of investigation. These 
chelons should be of significant value in a number of areas. Second, 
there is the question of specificity towards copper. The possibility 
that the chelates of other metals form but are not neutral is 
indicated by the reactivity of these reagents toward iron(III).
Iron(III) readily forms neutral chelates with the simple p-diketones.
The exact nature and structure of the iron product needs investigation 
to make the picture complete. The question as to whether this same 
behavior occurs with the other metals should be answered. Electrometfic 
measurements indicate that chelation with several metals occurs, but 
no neutral chelates could be isolated.
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There also remains the question of the so-called 
tridentate p-diketones. Much work needs to be done along these 
lines. The investigation of other synthesis methods may open this 
area to more fruitful work. The active' methylene synthesis, while 
quite effective with respect to the simple alkyl derivatives, does 
not seem very applicable to the synthesis of these compounds.
Perhaps the Claisen type reaction would prove more fruitful, and 
certainly this should be investigated.
The possible surfactant activity of the alkylated 
p-diketones also would prove of some interest, particularly if the 
side chain were lengthened to that of a typical detergent.
One could continue to list ideas that seem to keep 
appearing as this work continues. Only a few have been set down 
here. It is the author's hope that some of these will be answered 
in the future.
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APPENDIX I
Nuclear Magnetic Resonance Spectra and Assignments 
Assignments and Structures are Illustrated
CH - C: 0- CH2- C: 00- CH2- CH3 (ke to) 
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ppm tau J cps
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b. 2.71 T 4.5
c. ca2.11 D overlap
d. -4.80 S ------
Spectrum No.5.
Ethyl Thioacetoacetate (SEAA)
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Solvent: CCX4
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ppm tau J cps
a. 3.05 S -  —
b. 2.88 T 6.5
c. 2.35 D 6.4





Sweep Width: 500 cps
Spectrum No.9b. 
Ni(SAA)2




ppm tau J cps
a. 8.74 T 7.0
b. 7.87 S --
c. 5.85 Q 7.0
d. 4.38 s --
a. ca7.95 Isomers?
b. apparentT is not
c. 3.76 s “ “ “
K*Bi
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Sweep Width: 500 cps
Solvent: neat liquid
CK,-(CH ) -CH.-Br 
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Assignments 
ppm tau J cps
a. 9.12 T multiplet
ca. 6
b. ca8.71 multiplet




Sweep Width: 500 cps
Solvent: CCX4
33% Enol Form
0 , 0 
II (b) ||
CH -C-CH -C-CH_(a) A H (a>I 5 10(c)
CH3 (d) 
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ppm tau J cps
a. 7.86 S --
b. 6.27 T 7.0
c. ca8.71 M broad
d. 9.12 T ca7.0
e. 7.90 S --



















ppm tau J cps
a. 9.12 T 6.0
b. 8.65 M --
c. 5.92 T 6.0
d. -0.92 S --
Spectrum No.15.
1-Methylcyclopentanol-1
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ppm tau J cps
a. 7.93 S --
b. 6.50 T 7.0
c. 8.3 M broad
d. 6.60 T 6.5
e. 7.93 S --




Sweep Width: 500 cps

























tau J cps 
7.98 S
b. 6.50 T 7.0
c. 7.89 T broad
d. 8.52 M broad
e. 5.72 T ca 4
f. 2.59 M + CHCJl
g- 8.00 S
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I. The Thio~j3-Dike tones 
COMPOUND CHARACTERISTIC! BANDS SPECTRUM




1480 1245 500 3
Pd(SAA)2 1580 1480 1240 505 4
Cu(SAA)2 1580 1470 1270 515 5
Co(SAA)2 1590 1470 1240 510 6
Cd(SAA)2 1570 1440 1240 310 7







Ni(SF6AA)2 1580 1630 1220 415 10
Pd(SF6AA)2 1645 1645 1200 400 11
cu(sf6aa)2 1580 1630 1220 450
co(sf6aa)2 1560 1650 1210 470 12
Zn(SF6AA)2 1570 1610 1180 485 13
Cd(SF6AA)2 1590 1640 1180 470 14
STTA 1552 1612 1258 -- 15
(Thiothenoyltri- 
fluoroacetone)
Ni(STTA)2 1539 1511 1248 16
Pd(STTA)2 1540 1505 1250 17
Cu(STTA)2 1562 1527 1250 18
Co(STTA)2 1550 1495 1242 19
Zn(STTA)2 1600 1514 1250 20
Cd(STTA)2 1585 1513 1251 21
Hg(STTA)2 1580 1520 1250 22
Pb(STTA)2 1539 1505 1250 23




1530 1240 451 24
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Co (MeAA) 2 • 21I20 























1550 1700 1610 --
1620 --- 1560 470
1572 --- 1565 415
1565 --- 1565 445
1595 1720 1680 —
1622 --- 1570 475
1560 --- 1568 445
1575 ---- 1555 420
1590 1725 1682 —
1620 1710 1585 487
1622 --- 1580 457
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1655 --- 1640 377
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j Spectrum No.24 
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